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The BAILEY *505-SS FERMENTATION CABINET 


This stainless cabinet is the successor to the Despatch 
Model #505 which has been on the market for some years. 
Many units of the re-designed model have been put into 
service in leading laboratories with very good success. 


Walton Humidifier 
with constant level 
control 


Stainless or brass 
hardware 


Built-in Sliding Shelf | 


110-120V 60C A.C, 
Current. Maximum 


load 1600 watts 


% ton Refrigeration 
Unit 
Extra — $350.00 


Outside Cabinet 
Dimensions 
60” x 60” x 24” deep 


Welded steel stand is 
22” high or will build 
to suit. Gre shrivel 
finish — ess trim 

Extra — $108.00 , 


Model #505-SS Bailey Fermentation Cabinet — $1658.00 
Est. Shipping Weight 1000 Ibs. 
Prices F.O.B. Lincoln, Nebr. 


NATIONAL MFG. COMPANY 


LINCOLN, NEBRASKA 
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MAN’S 


A Brief History of Milling and 
Baking by SCIENCE WRITER 


LEARNING BY DOING 


The early European mill- 
wrights were great travelers. 
This was necessary because 
they were obliged to go 
where work offered. When 
they completed one job they 
moved on to the next. These 
men used their skills to de- 
sign and then build the mills. 

They learned by doing—and they taught as they 
traveled. Their knowledge was not recorded in 
books because they could neither read nor write. 
Still they taught. What they observed they 
passed on through maxims and by instructions 
to their apprentices. 

Even with little knowledge of the forces in- 
volved they built mills that worked. They may 
not have known why they worked; they knew 
only that they did work. These untutored men 
served a valuable function by creating mills and 
improving the milling process. Man had long 
since learned that he could not eat wheatberries 
—that he must put grain through a mill to re- 
move the rough, coarse bran particles and leave 
only the more desirable edible portion. 


SCIENCE ENTERS 


As knowledge increased so did 
rational thinking. Traditional 
ways were examined and bet- 
ter ways evolved. Mathematics, 
long an abstract science, became 
a working tool. Measurements, 
proportions, calculations, ratios 
were developed into formulas 
which governed the millwright’s 
work. 


Sir lsoac Newton 


During the time that the mechanical skills were 
growing, other men of a different character were 
working to discover the scientific principles be- 
hind many mechanical devices. In the 16th cen- 
tury much work in practical mechanics was 
followed in the 17th by study in physical theory. 


SCIENCE AND MECHANICS JOIN FORCES 


Gradually science and mechanics grew closer to- 
gether to their mutual benefit. The practical 
men, the millwrights, did not immediately ac- 
rept the idea that scientific thought could be 
helpful. One, an Englishman, wrote in 1818 
that advances were made only as a result of 
practical experience. 


Enriched with vitamins and iron for better nutrition 


CHAPTER VIII. European Millwrights 


A different attitude was taken 
by another Englishman at 
about the same time who ac- 
knowledged that those skilled 
in science often lacked prac- 
tical knowledge but said that 
the reverse was also true. Even 
so, the practical man — the 
millwright—and the theoreti- 
cian did eventually form an 
alliance. 


A NEW SOCIETY IS FORMED 


Practical and theoretical knowledge increased. 
Mills grew in size. Production became greater. 
Wider markets were served. And a_ business 
society evolved. Along the way the artisan mill- 
wright disappeared for a good reason. As the 
mills became larger and more complex, invest- 
ment became heavy. Too much was involved to 
be trusted to simple rule-of-thumb methods. 
More and more the practical man became guided 
by the findings of the scientist. 


SCIENCE AND NUTRITION 


The growth of scientific principles over the 
centuries led to the searching examination of 
thousands of nature’s secrets. Within the last 
50 years or so, many facts about one of our 
most vital substances, food, have been learned. 
Vitamins were discovered, analyzed, classified, 
isolated then finally, duplicated. We all benefit 
from this knowledge because practically all of 
our white bread and white flour is enriched with 
thiamine (vitamin B:), riboflavin (vitamin Bz), 
niacin (another “B” vitamin), and the mineral 
iron to correct losses of these elements which 
occur when wheat is milled to give us the fine 
white flour we want. America’s bakers and mill- 
ers have used science to give us more healthful 
products. 
This is one of a series of articles which is being pub- 
lished in professional nutrition and dietetic journals 
and which will be widely distributed for educational 
purposes. Reprints of this and all previous chapters 
are available without charge. Write to the Vitamin 
Division, Hoffmann-La Roche Inc., Nutley 10, New 
Jersey. In Canada: Hoffmann-La Roche Ltd., 286 St. 
Paul Street, West; Montreal, Quebec. 
The next chapter titled: “Milling in the Early 
American Colonies” will be published soon. 
*This is the title of a definitive history of milling by 
John Storch and Walter Dorwin Teague, published by 
the University of Minnesota Press at Minneapolis and 
copyrighted by the University of Minnesota. It is used 
with permission as a source of material for this series 
of advertisements. 


f 
yf 
\ 
} : 
FLOUR 
\ = 
FOR 
B R EA D * 
“<< 
| 
“te 


Trifles Make for Perfection 


In our desire to make better instruments for the Cereal Chem- 
ist and improve the performance of the existing ones, we have 
recently added an oversized cooling unit to the standard Farino- 
graph equipment. 


This cooling unit makes the Farinograph completely inde- 
pendent of a tap water supply and drain connections, and en- 
ables you to set up the Farinograph anywhere in the laboratory 
and as far away from a water supply as you like. Since only 
distilled water is circulated and re-circulated, the life of the 
equipment is prolonged immeasurably. 


The cooling unit receives distilled water from the Thermostat 
Bath and cools it quickly and efficiently. Then this cooled wa- 
ter goes through the cooling coil of the Thermostat, and then 
back into the Thermostat Bath. 


The addition of this oversized cooling unit was the last link 
in the chain of improvements we recently made in the tempera- 
ture control of the Farinograph. Some of the other improve- | 
ments are: 


a “Day” and “Night” time clock which will automatically 
switch your Thermostat “ON” early in the morning, and “OFF” 
at night. By setting it for 5 o’clock in the morning, your Farino- 
graph will be on temperature at 8 o’clock. 


a SOLENOID VALVE in front of the cooling coil, automati- 
cally calling for cooling water as soon as the temperature rises 
by 1/10th of 1°C. 

STAINLESS STEEL clad plastic hose, having a much longer 
life than ordinary rubber hose. 


These improvements have made the temperature control of 
the Farinograph more exact, more dependable, and completely 
automatic, regardless whether the room temperature is 70°F. 


or 115°F. 


BRABENDER CORPORATION Rochelle Park, N. J. 


Established 1938 
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you can count on 


Uniformity of bakery products is vital to repeat bakery 
sales. That’s why you should always use National's 
yeast products. They’re tops in Uniformity. 


NATIONAL YEAST CORPORATION 


FRANK J. HALE, President 


Executive Offices: Eastern Division Office: Western Division Office: 
Chonin Burlding 45-54 37th Street Pure Oil Building 
122 East 42nd Street long Island City 35 E. Wacker Drive 

New York, N, Y. New York Chicago, Iii. 


"Plants: Belleville, N. J. Crystal Loke, Ill. 


You can order all these essential bakery products 


National Bakers Compressed Yeast National Bakers Malt Syrup National 7-in-1 

National Active Dry Yeast National Bakers Dry Malt Armour Cloverbloom Frozen Whole Eggs 
National Baking Powder National Enrichment Tablets Armour Cloverbloom Frozen Egg Whites 
National Baking Cream National Yeast Food Armour Cloverbloom Armtex 

National Bakers Margarine National Puff Paste Armour Cloverbloom Sugared Yolks 
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These are the most important women in your life. They are your 
customers. Keeping their loyalty centered on your brand is just 


about your most important job. 


For more than 16 years, you have been doing the right thing to 

keep them happy. How do we know? Because for more than 16 
years, you (and practically every other family flour miller) have 
been using V-90 exclusively in self-rising flour and self-rising 


corn meal. Today, sales of both products continue to grow. 


V-90 means dependable baking results. V-90 means 
that your brands can be counted upon to produce the kind 
of oven products that make women happy .. . 
and loyal to your brand. This, of course, is 
= : the reason for the milling industry’s 


——— remarkable allegiance to V-90. 


= 7 There is still another reason for the 
popularity of V-90. Here it is. No one 


’ has ever succeeded in duplicating V-90! 


vee 


< That’s worth remembering. It means 
you can be SURE with V-90. That’s 


‘ =i worth remembering, too! 


THE PHOSPHATE CRYSTAL WITH A “RAIN COAT“ 


® 


*Cooted Anhydrous Monocalcium Phosphate 


VICTOR CHEMICAL WORKS 


155 North Wacker Drive + Chicago 6, Illinois 
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“it’s cinch with t 
NEW “BIG INCH”. 


Positive 
infestation 
Control... 


ee 
the NEW “ENTOLETER” ‘BIG INCH’ 
for 150 to 500 cwt per hour 


the STANDARD “ENTOLETER” unit for 
25 to 150 CWT per hour 


ou guarantee your flour specifications... 
let “ENTOLETER” Infestation Control assure 
the complete cleanliness of all ingredients 
and finished products . . . 
... the trademark “ENTOLETER” on milling 
equipment is your guarantee of complete 
satisfaction. Write to us for information 
concerning our products. ENTOLETER 
DIVISION, The Safety Car Heating and 
Lighting Company, Inc., 1153 Dixwell Ave., 


FNTOLETE 


The trademark ‘‘ento.eter’’ is your 


CENTRIFUGAL MACHINES 
gvorantee of complete satisfaction 
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MERCK PRODUCTS 
FOR THE FOOD INDUSTRY 


Ascorbic Acid 
Caffeine 


Cebicure* 
(Ascorbic Acid Merck, for Meat Curing) 


Cebitate* 
(Sodium Ascorbate Merck, for Meat Curing) 


Citric Acid 
Niacin 
Phosphoric Acid 
Riboflavin 
Sodium Benzoate 
Sodium Citrate 
Tartaric Acid 
Thiamine 
Vitamin Mixtures 
for Flour, Corn Products, Farina, and Macaroni 


Vitamin Wafers 
for Bakery Products and Macaroni 


Vitamin A Acetate 
Vitamin A Palmitate 


*Trode-mark 


Food industry chemists prefer 
Merck Laboratory Chemicals 


MERCK &€ CO., Inc. 


Manufacturing Chemists 


RAHWAY, NEW JERSEY 
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BRABENDER 


The genuine BRABENDER FARINOGRAPH 1956-model 
features: 


1. The newly designed synchronizer phase-converter pro- 
ducing four times the torque of the present Farino- 
graph at both speeds. It gives the Farinograph-Dyna- 
mometer the characteristics of a synchronous motor 
making it independent of voltage fluctuations and 
thereby assuring high calibration stability. 


bo 


New Pressure Thermostat making extra cooling units 
(for hot climate) in 99 of 100 cases unnecessary. 
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Senior Mixer—300 grams Junior Mixer—50 grams 


3. 300 grs. as well as 50 grs. mixers in both bronze and 
stainless steel available. 


Calibration of both bronze and stainless steel mixers 
can be supplied at your request on the basis of world 
standard established 1934 or any standard you may 
designate. Ask for our suggestions. 


NEW: We guarantee stainless steel mixers to give the 
same curves as bronze mixers through exclusive design. 
Patent applied for. 


All genuine Brabender Instruments and mixers are 
available on either purchase or rental basis. Ask us for 
attractive price quotations and new literature. 


M lAG NORTHAMERICA, INC. 


1616 South 8th St., Minneapolis 4, Minnesota 
Telephone: FEderal 9-5713 
Exclusively franchised Sales and Service Agents for gen- 
uine C. W. Brabender invented instruments. 
U. S. Factory: C. W. BRABENDER Instruments, Inc. 
P.O. Box 106 — South Hackensack, N.J. 
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Automatic Release and Seal 
SPEEDS SOLVENT EXTRACTIONS 


FOR FATS, VITAMINS, CAROTENE AND OTHER DETERMINATIONS 


NO. 3000 “GOLDFISCH” EXTRACTION APPARATUS 


Dimensions: 10” x 38” x 31” high. Available in 2, 4, and 6 capacity units, 
complete with all glassware and ready to operate. 


In “Goldfisch” improved extraction apparatus, the condensation 
chamber is sealed automatically after air has been automatically re- 
leased by the valve. This permits vaporized solvent to condense 
quickly in the condensation chamber and speeds your extraction 
process. The sealed chamber also prevents the escape of solvent so 
that a high percentage can be reclaimed. 


These time-saving, money-saving features of “Goldfisch” extraction 
apparatus make it the choice of hundreds of industrial and institu- 
tional laboratories. “Goldfisch” apparatus is in service today in 30 
state feed control laboratories. 


Comparative tests, list of users, full details in Folio “F”. 
Write today for your copy. 


Also available: Bulletin on Kjeldahl Nitro- 
gen apparatus and crude fiber condensers. 


LABORATORY CONSTRUCTION COMPANY 


1113-1115 Holmes Street, Kansas City, Missouri, U.S.A. 
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PROPERTIES OF CERTAIN PROTEASE SYSTEMS 
USED IN BREADMAKING'! 


Joun Jounson,? Byron S. P. D. Boyer,* and W. F. Geppes* 


ABSTRACT 


Undenatured gluten was less readily hydrolyzed than hemoglobin by 
the proteases of malted wheat flour and of a fungus, Aspergillus oryzae. De- 
natured gluten was even less available to protease attack primarily because 
of its low solubility. The affinities of the proteases for gluten were greater 
than those for hemoglobin, although the rate of decomposition of the en- 
zyme-substrate complex was greater for hemoglobin than for gluten. The 
apparent activation energies calculated for several enzyme systems were 
similar for hydrolysis of gluten, but variable for hydrolysis of hemoglobin. 
This indicates that similar peptide bonds were hydrolyzed by the different 
protease systems acting on gluten. The apparent activation energy value 
for hydrolysis of gluten in a sponge dough by fungal protease was 11,300 
calories, which agreed well with that calculated for hydrolysis of un- 
denatured dried gluten. 

The pH optima were similar for different proteases acting on the same 
substrate, but the optima shifted for different substrates. The pH optima 
for malted wheat flour and fungal protease were 3.0-4.0 for gluten and 
hemoglobin, 5.5-6.0 for casein, and 7.0 for gelatin. Trypsin exhibited pH 
optima at 7.0-7.5 for hydrolysis of all substrates. Optimal pH values for 
hydrolysis of complex substrates appeared to be primarily a function of 
solubility and subsequent availability of the linkages to attack. 

The malted wheat flour and fungal supplements contained enzymes that 
exhibited trypsin-like and dipeptidase-like activity but no pepsin-like or 
carboxypeptidase-like activity. The dipeptidase-like activity of the fungal 
protease system was destroyed by acid and heat treatment, while the trypsin- 
like activity was unaffected. Many specific peptide linkages not demonstrated 
by this investigation are very likely hydrolyzed by the protease systems of 
cereal and fungal supplements. 


Interest in the use of proteases in breadmaking has been stimu- 
lated greatly by the introduction in 1950 (32) of fungal enzyme con- 
centrates prepared from cultures of Aspergillus oryzae. They have 
high protease as well as alpha-amylase activity, and their use in 
sponge doughs reduces mixing requirements at the dough stage. Pro- 


' Manuseript received August 18, 1955. Presented at the annual meeting, St. Louis, Missouri, May 
1955. Condensed from the thesis submitted to the Graduate School of the University of Minnesota by 
John A. Johnson, in partial fulfillment of requirements for the Ph.D. degree, December, 1954. Contribu- 
tion No. 259, Kansas Agricultural Experiment Station, Manhattan, Kansas. Scientific Journal Series No. 
3460, Minnesota Agricultural Experiment Station, St. Paul, Minnesota. 

2 Professor, Kansas State College, Manhattan, Kansas. 

* Chemist, Field Crops Research Branch, Agricultural Research Service, U. S. Department of Agri- 
culture. 

* Professor and Head, respectively, Department of Agricultural Biochemistry, University of Minne- 
sota, St. Paul 
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tease-treated doughs are more extensible and may be sheeted thinly 
and molded with greater ease. These effects are particularly beneficial 
in the case of “bucky” doughs. 

There are two common sources of proteases used in baking: malted 
wheat and barley flour, and fungal preparations. The proteases ol 
malted wheat flour were studied extensively by Mounfield (29, 30, 31). 
One was an endopeptidase as demonstrated by the cleavage of edestin 
(opumum pH, 4.1). Dipeptidase activity was evidenced by the hy- 
drolysis of leucylglycine and glycylglycine (optimum pH, 7.3-7.9). 
Mounfield concluded that the degradation of edestin by malted wheat 
flour protease was accomplished by a series of Consecutive reactions, 
each catalyzed by different proteases. 

There is considerable variation in the pH optima found by dil- 
ferent workers for the proteases of malted wheat flour. Mounfield 
(31) reported pH optima of 5.1 and 64 for the hydrolysis of gelatin 
and gluten, respectively. Koch and Ferrari (19) found the optimum 
pH range to be 6.8-7.0 when a viscometric gelatin assay procedure was 
used. On the other hand, Miller (25), employing Bacto hemoglobin 
as a substrate, reported an optimum pH of 3.5. 

Little information exists on the properties of proteases from 
Aspergillus oryzae which are used in baking. Berger, Johnson, and 
Peterson (4) concluded that the extracellular proteolytic enzymes pro- 
duced by this fungus consisted of at least one endopeptidase (opti 
mum pH 7.0 with gelatin) and three exopeptidases (carboxypeptidase, 
amino polypeptidase, and dipeptidase). More recently Crewther and 
Lennox (8) also have demonstrated the heterogeneous nature of the 
protease enzymes elaborated by A. oryzae. They designated those com 
ponents which acted primarily on proteins of high molecular weight 
as “viscometric” proteases, whereas those which degraded proteins ol 
low molecular weight were called “gravimetric” proteases. The visco 
metric proteases, which exhibited optimum activities at pH 7.0, 7.5, 
and 10.0, were slightly inhibited by oxidizing agents such as iodine 
and hydrogen peroxide and were activated by cysteine. 

Studies by several workers (9, 22, 23, 40) indicate that the amounts 
ol the proteases vary in different species of fungi. McConnell et al. 
(23) found that fungi possess varying levels of amino peptidase, car- 
boxypeptidase, and dipeptidase activity. The pH optima appeared to 
be more characteristic of the substrate than of the protease system. 

The present study was undertaken to secure additional information 
on the factors influencing hydrolysis of gluten and hemoglobin by 
cereal and fungal proteases and to study the heterogeneity of these 


enzyme supplements. 
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Materials 


Enzyme Preparations. The ten protease enzyme sources used in- 
cluded a patent flour, wheat germ, crude papain, malted wheat flour, 
malted barley, crude pepsin, trypsin, a purified barley concentrate 
(Colase), and the fungal enzymes Rhozyme-S and Rhozyme P-11.° All 
are of plant origin except trypsin and pepsin. Rhozyme-S was produced 
lrom Aspergillus oryzae and had a higher ratio of amylase to protease 
than did Rhozyme P-11. Protease (27) and alpha-amylase activities (36) 
olf these enzyme sources, summarized in Table I, show wide variations. 
Since the pH optima tor trypsin and pepsin are considerably different 
than pH 4.7 used for assay, their activities are not listed. The fungal 
preparations gave the highest values. 


IABLE I 


SUMMARY OF PROTEASE ACTIVITY OF VARIOUS ENZYME SOURCES 


ENZYME SouRCcE Prorease* ALPHA-AMYLASE 

Units/g Units/g 

Patent flour 1.04 

Wheat germ 23.2 

Malted wheat flow 19.7 72.0 

Malted barley flour 654 185.0 

Colase $200.0 

Papain 2820 ; 

Rhozyme P-11 14060 119.0 

Rhozyme-S 26440 4000.0 

* Hemoglobin substrate, pH 4.7, and digestion time of 5 hours. 


"See reference 27. 


See reference 


Bufjer Systems. Ditterent buffer systems were used, depending on 
the pH range employed. The concentrations of salts in the buffers 
were 0.5M, but in some instances they were increased to 1.0M to main- 
tain a desired pH in the presence of the substrate. To maintain the 
pH within the ranges of 4.2-6.8 and 5.0-8.0, 0.5M sodium acetate-acetic 
acid and disodium hydrogen phosphate-monopatassium dihydrogen 
phosphate buffer solutions (13) were employed. Acetic acid was used 
to adjust the pH of the protein substrates within 3.0 to 4.0 and also 
to adjust the pH of dough in studies employing the farinograph. The 
pH values of the reaction mixtures were ascertained both at the be- 
ginning and end of the digestion period using a Beckman Model H-2 


Crude papain, crude pepsin, and trypsin from Merck & Co., Rahway, N. J.; malted wheat flour 
from Kansas Milling Co.. Wichita, Kans.; malted barley from Kurth Malting Co., Milwaukee, Wis.: 
Colase from Columbia Malting Co., Chicago, Hl.; and Rhozyme-S and Rhozyme P-11 from Rohm and 
Haas Co., Philadelphia, Pa. 
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pH meter. In general, the buffer systems held the pH quite constant 
during a 5-hour digestion period. In the instance of the highest hydro- 
gen-ion concentrations, there was some tendency for the pH to in- 
crease. The values accepted for comparison were those taken at the 
end of the digestion time. 

Substrates. Bacto hemoglobin, undenatured wheat gluten, casein, 
and gelatin were used as substrates® where protease activity was assayed 
by determining the nitrogenous compounds not precipitated by tri- 
chloroacetic acid. The undenatured gluten was prepared from un- 
bleached flour by vacuum drying at the Northern Utilization Research 
Branch Laboratory, Peoria, Illinois. Denatured gluten was prepared 
by drying wet crude gluten in an oven at 150° C. for 4 hours. The 
glutens were ground in a hammer mill to pass an 80-mesh silk sieve. 

All synthetic peptides used to measure specificity, with the excep- 
tion of carbobenzoxy-L-glutamyl-L-tyrosine, were purchased.? This sub- 
strate was prepared by reaction of carbobenzoxy-t-glutamic acid an- 
hydride with the ethyl ester of L-tyrosine followed by de-esterification 
(6). The carbobenzoxy-L-glutamic acid anhydride was prepared from 
carbobenzoxy-L-glutamic acid, according to the method of Bergmann 
and Zervas (5). 

Preparation of Enzyme Extracts. Enzyme solutions were prepared 
by stirring the dry preparations for 30 minutes at 30° C. with distilled 
water immediately prior to use. Malted wheat and barley flour extracts 
were centrifuged at 1800 r.p.m. for 5 minutes, and filtered through 
cotton following extraction. The enzyme concentrates, pepsin, trypsin, 
Colase, Rhozyme-S, and Rhozyme P-11, were filtered through Whatman 
No. 2 filter paper following extraction. 


Procedures for Determining Protease Activity 


Modified Ayre-Anderson Procedure. The modified Ayre-Anderson 
procedure used by Abbott, Miller, and Johnson (2) was employed as 
the basic procedure for the determination of proteolysis employing 
the various complex substrates. The quantities of hemoglobin, gluten, 
gelatin, and casein used per 50 ml. of reaction volume were 2.67, 2.0- 
3.0, 1.0, and 2.0 g., respectively. These substrate quantities provided an 
excess for all levels of enzymes used. 

Unless the effect of temperature was being studied, 40°C. was the 
standard temperature for all assays. Likewise, unless the effect of hydro 

* Bacto hemoglobin from Difeo Laboratories, Detroit, Mich.; casein and gelatin from Fisher Seien 
tifie Co., St. Louis, Mo 

Glyeylglycine, giycyl-pt-serine, glyeyl-t-tryptophan, and carbobenzoxy-glycyl-t-phenylalanine from 
Mann Research Lab., Inc., New York 6, N.Y.; glyeyl-.-tyrosine from General Biochemicals, Inc., Chagrin 


Falls, Ohio; leueyl-glycine from Nutritional Biochemicals Corp., Cleveland 28, Ohio: and benzoy!-1-arginine 
amide from H. M. Chemical Co., Ltd., Santa Monica, California 
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gen-ion concentration was being studied, assays were performed at 
pH 4.7. 

Alcoholic Titration Procedure. The alcoholic potassium hydroxide 
titration procedure of Grassman and Heyde (14) was employed for 
determining peptidase-like, pepsinase-like, and carboxypeptidase-like 
activity. The reaction mixture digested at 40° C. consisted of | ml. 
each of 0.05M substrate, enzyme, and buffer, and 0.001M_ potassium 
cyanide to inhibit the growth of microorganisms. Sixty-microliter ali- 
quots were titrated after 8 hours, using a Rehberg buret (7) and a 
stream of nitrogen directed over the solution during titration to pre- 
vent absorption of carbon dioxide. 

Trypsin-like activity was measured using a micro-diffusion technic 
(7, 39). Trypsin-like activity was measured by digesting 0.5 ml. of 0.05M 
benzoyl-L-arginine amide with the enzyme extract (0.5 ml. containing 
0.003M potassium cyanide) in the presence of 0.5ml. of buffer. 
After 8 hours at 37.8° C., 60y1. of 0.1N hydrochloric acid were added 
to the center well and 0.5 ml. of saturated sodium carbonate added to 
the outer ring. The glass cover was replaced and the cell returned to 
the incubator for 3 hours to allow diffusion of the libterated am- 
monia. Appropriate “blank” determinations were made simultane- 
ously. Activity was expressed in yl. of 0.1N sodium hydroxide solution 
per mg. of enzyme nitrogen. 


Results and Discussion 


Traditional substrates for study of protease action are of animal 
origin and include casein, gelatin, and hemoglobin. Proteolysis in 
bread doughs involves splitting of a plant protein, gluten, which has 
been used by few investigators (2, 18, 31). One study that has in- 
cluded gluten as a substrate is that of Johnson and Miller (18), who re- 
ported on changes in dough consistency as a measure of proteolysis. 
It was deemed necessary, for this study, to obtain data comparing the 
action of proteases on gluten as well as a common substrate such as 
hemoglobin. Furthermore, it was desirable to study dried gluten pre- 
pared under specified conditions. Such a substrate may be used in the 
methods which normally employ animal proteins. 


Comparison of the Proteolysis of Gluten and Hemoglobin 
by Fungal and Malted Wheat Flour Protease 


Dried undenatured gluten was found to be less available to fungal 
and malted wheat flour protease action than hemoglobin. Typical 
rate constants calculated on the basis of a zero-order reaction for the 
hydrolysis of gluten and hemoglobin by Rhozyme-S and malted wheat 
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LABLE I 


REACTION Rate CONstAnts FoR Hyprorysts oF GLUTEN AND HEMOGLOBIN * 


ENzyYME Gi Hemoctosin 
meg meg. 
Rhozyme-S 06 10 14 10° 
Malted wheat flour 10 10 
* Conditions: pH 4.7; temperature W°C.;: initial substrate concentrations: gluten, 112.5 mg. nitrogen: 


hemoglobin, 413 mg. nitrogen. 
"Mg. nitrogen released per minute, 


flour are shown in Table Il. The low activity on gluten was be- 
lieved to be due partly to the insolubility of the substrate and the ina 
bility of the enzyme to find suitable sites for formation of the enzyme- 
substrate complex. Several attempts to modify gluten or increase its 
solubility did not change the rate of hydrolysis by malted wheat flour 
protease. These experiments included grinding the gluten in a ball 
mill for 48 hours and extracting the lipids with Skellysolve B_ fol- 
lowed by ethanol. 

Denaturation of proteins generally decreases their solubility but 
may increase their availability to enzyme attack (33). Experiments 
were performed by subjecting denatured and undenatured gluten to 
hydrolysis by malted wheat flour protease (Fig. 1). The reduction in 
the extent of hydrolysis of denatured gluten can be attributed to in- 
solubility, since the solubility of the protein in the acetate buffer (pH 
1.7) was reduced 60°) by denaturation. 


- ° 
UNDENATURED 
« 
> + 
S ser- 
DENATURED 


Fe) 20 3.0 
GLUTEN (9g) 


Fig. 1. The relationship between malted wheat flour protease activity and gluten substrate concentration. 
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Usually excess substrate is necessary for the accurate assay of en- 
zyme potency. Under some conditions, however, high substrate con- 
centrations may retard proteolysis (38). Experience with hemoglobin 
has shown that an excess of this substrate does not inhibit proteolysis. 
Excess gluten, however, when used as a substrate for malted wheat 
or barley flour protease, inhibited proteolysis (Fig. 1). Although the 
cause of this reduction is not clear, it is assumed to be due to the par- 
tial inhibition of the proteases by a component of the gluten. Such 
inhibition did not occur with Rhozyme-S, pepsin, unactivated papain, 
Colase, or malted wheat or barley flour extracts which were treated to 
remove the alpha-amylase (26). It appears that a specific protease ol 
these malted flours might be inhibited. This may be the traction which 
is inhibited by oxidants (18) and may or may not be inhibited by the 
papain inhibitor in flour (15). 

These experiments demonstrated the necessity of using an optimum 
amount of substrate when gluten was hydrolyzed by malted wheat 
or barley proteases. They also demonstrated the desirability of increas- 
ing the amount of protease when using gluten over that required when 
hemoglobin was used as a substrate. 

Although there was evidence to indicate that gluten is less available 
to protease action than hemoglobin, owing partially to differences in 
substrate solubility, it appeared of value to study the relative affinity 
of the enzymes for the substrates and the dissociation of this complex. 
The Michaelis-Menten constants (24) were obtained by use of the fol- 
lowing equation derived from the Michaelis-Menten theory: 


Km 
— = (1l/Vm) S + , 
Vm 
where S is the substrate concentration expressed in mg. of substrate 


nitrogen; v is the velocity expressed as mg. of soluble nitrogen released 
per minute; Km is the Michaelis-Menten constant; and Vm is the 
maximum velocity of reaction. A plot of S/v against S gave a straight 
line intercepting the ordinate at a point equal to Km/Vm. The slope 
of the line (1/Vm) was used to calculate Vm which was employed to 
evaluate Km, the unknown quantity in Km/Vm (20). 

The dissociation of the enzyme-substrate complex into the products 
of digestion is proportional to the maximum velocity (Vm). The re- 
versible dissociation of the complex also may be considered insignifi- 
cant in cases where the individual constants have been measured di- 
rectly. It may be hypothesized that the rate of formation of the enzyme- 
substrate complex is the same for both substrates, since the amount 
of enzyme is small compared to the large excess of substrate. For these 


8 PROPERTIES OF PROTEASE SYSTEMS Vol. 33 


reasons some measure of the enzyme-substrate affinity and rate of dis- 
sociation of the complex can be obtained from consideration of the 
Michaelis-Menten constant (Km) and the maximum reaction velocity 
(Vm). Michaelis-Menten constants and maximum velocity values are 
presented in Table III for the hydrolysis of gluten and hemoglobin 
by Rhozyme-S and malted wheat flour protease. It is evident from 


LABLE III 


COMPARISON OF CONSTANTS (KM) FOR AND 
Frour ActiING ON GLUTEN AND Bacto HEMOGLOBIN * 


Enzyme Enzymes SUBSTRATE Ku 
CONCENTRATION 
Rhozyme-S 10 mg. Hemoglobin 99.2 $2 X 10° 
Rhozyme-S 10 mg Gluten 10.5 11.6 x 10° 
Malted wheat flour ig Hemoglobin 27.4 10? 
Malted wheat flour ig Gluten 18.5 16% 10 
* Conditions: t 300 minutes; pH 4.7; temperature 40°C. Substrate concentration ranged from 10.7 to 


215 mg. for hemoglobin and 20.3 to 400 mg. protein nitrogen for gluten 


these data that the rate of decomposition of the enzyme-substrate com- 
plex, as shown by the Vm values, is greater for hemoglobin than ton 
gluten. The afhnity of the enzymes, as shown by the Kim values, is 
greater lor gluten than for hemoglobin, 

The data in Tables Il and III for the hydrolysis of gluten and 
hemoglobin indicate that gluten is hydrolyzed less rapidly than hemo 
globin by fungal and malted wheat flour protease. It was therefore ol 
interest to measure the effect of temperature on the rate of reaction. 
An excess (or optimum amount of gluten in the case of malted cereals) 
of gluten or hemoglobin was hydrolyzed at 25°, 30°, 35°, and 40°C. 
The activation energy values (E) were calculated according to the 
Arrhenius equation: 

—E | 
log K ° + C, 
2.303 R T 
where K is the reaction rate constant; FE is “apparent” activation en 
ergy in calories per mole; R is the gas constant, 1.98 calories; Tis 
degrees absolute temperature; and C ts a constant. The logarithms of 
the reaction rate constants were plotted against the reciprocal of the 
absolute temperatures, 1/T (37). 

The activation energy values calculated for the hydrolysis of gluten 
and hemoglobin by impure enzyme systems do not represent the en- 
ergy of activation for a single reaction. Nevertheless, they should 


serve to demonstrate differences in energy required to hydrolyze the 
peptide bonds of different substrates. The effect of temperature on 


’ 
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hydrolysis of gluten and hemoglobin by several enzyme systems is pre- 
sented in Fig. 2. The activation energies calculated from the data 
in Fig. 2 are presented in Table IV. It is evident from these data that 
the effect of increasing the temperature on hydrolysis is similar for the 
two substrates. 


HEMOGLOBIN SUBSTRATE GLUTEN SUSSTRATE 
30} 4 


-log K" 


RHOZYME P-ti 
UNACT. PAPAIN 
BARLEY MALT 
MWe 
38) ACT. PAPAIN RHOZYME-S 
WHEAT GERM 
RHOZYME -S 


7 
42 6) COLASE 
FLOUR 


4 4 4 


318 326 334 342 326 342 


| -3 


Fig. 2. Effect of temperature on the rate of hydrolysis of gluten and 


Various protease systems 


hemoglobin substrates 


< 


PABLE IV 


APPARENT ACTIVATION ENERGY VALUES FOR SEVERAL PROTEOLY TK ENzyMes Usine 
THE AYRE-ANDERSON METHOD OF ANALYsIS* 
(Temperatures ranged from 25° to 40°C.) 


APPARENT AcTIVATION 
ENzyYMeE St BSTRATE Activa 
Enercy Vatues 


calortes/mole 
Malted wheat flour Gluten 12.400 
Rhozyvme-S Gluten 12,500 
Rhozyme P-11 (purified) Gluten 10,700 
Papain (unactivated) Gluten 12,700 
Pepsin Gluten 13,900 
Colase (barley malt, purified) Gluten 12,700 
Malted wheat flour Hemoglobin 11,100 
Rhozyme-S Hemoglobin 10,500 
Papain (unactivated) Hemoglobin 18,500 
Papain (activated) Hemoglobin 14,200 
Barley malt (crude) Hemoglobin 12,600 
Patent flour Hemoglobin 10,700 
Wheat germ Hemoglobin 18,600 


* See reference 2. 
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lhe close agreement of the activation energies for the different 
enzymes acting on gluten indicates that they have similar capacities 
lor decreasing the energy required to hydrolyze the peptide bonds ol 
gluten. The variation among the values encountered for different en- 
zymes acting on hemoglobin contrasts with the similarity in values 
lor gluten. This variation suggests that the different enzyme systems are 
hydrolyzing different peptide bonds of the hemoglobin molecule. The 
similarity of the values for hydrolysis of gluten suggest that similar 
bonds are split by the several enzyme systems. The values agree well 
with those reported for other proteases (37, 38). 

The effect of temperature on protease activity in sponge doughs 
was investigated by allowing the protease to react with gluten in dough 
at temperatures ranging from 25° to 40°C. at pH 4.7 using an excess 
of alpha-amylase (18). When log K was plotted against 1/T, a straight- 
line function was obtained (Fig. 3) from which an apparent activation 
energy value of 11,300 calories per mole was calculated. This value 
compares favorably with those obtained by the Ayre-Anderson technic 
(Table III). 


=< 
32 
3.4- 
3.18 326 334 
-3 
x lO 
Fig. 3. Effect of temperature on changes in consistency of dough expressed as first-order reaction kinetics 


Effect of Hydrogen-Ion Concentration on Protease Activity 


The hydrogen-ion concentration is known to affect both the protein 


substrate and the enzyme itself which also is a protein. The relative 
importance of these two effects is not generally known or appreciated. 


¥ 
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This phase of the work was undertaken to obtain comparable data on 
the effect of pH on the proteolysis of several substrates by different 
proteases. 

The results of pH-activity studies employing complex natural sub- 
strates are presented in Fig. 4. With the exception of trypsin, all 


GLUTEN BACTO-HEMOGLOBIN 


| 
= | 
5) 
Cc 
WwW 
CASEIN GELATIN 
5 + 8 
a 
6r 6 
ae 4 4 3a. 
L 
pH 
Fig. 4. Effect of hyrdogen-ion concentration on hydrolysis of gluten, Bacto hemoglobin, casein, and 
gelatin by papain (@), malted wheat flour Rhozyme-S and trypsin (4). 


enzymes had pH optima that shifted, depending on the substrate. 
Thus, for malted wheat flour and fungal protease, the pH optima were 
at 3.0-4.0 tor hydrolysis of gluten and Bacto hemoglobin and 5.5-6.0 
for casein. Using gelatin as a substrate, the pH optima for fungal pro- 
tease shifted to 7.0 compared with 3.5, 4.0, and 6.0 when gluten, Bacto 
hemoglobin, and casein were used, respectively, 
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Phe data tor trypsin are of interest because this enzyine appeared 
to maintain a pH optimum near 7.0-8.0 irrespective of the substrate. 
In most instances, the optimum is represented by a broad plateau. 

The pH optimum for papain was near 5.5 for gluten and casein 
substrates but it shifted to 3.7 when Bacto hemoglobin was used. These 
data do not agree with those of Lineweaver and Schwimmer (24), who 
found a pH optimum near 7.0 for crystalline papain. Since compara 
tive experiments with and without added cysteine (10mg. cysteine 
per mg. of papain) caused a decrease in the pH optimum of only 0.4, 
it must be presumed that differences in pH optima are not due to 
activation but rather that Lineweaver and Schwimmer were working 
with a certain crystalline fraction of the original crude papain. The 
pH values for trypsin are in general agreement with the accepted pH 
optma. The optimum pH values for wheat protease acting on casein 
are in good agreement with those of Howe and Glick (17) and those 
of Miller (25) for hydrolysis of Bacto hemoglobin. 

The pH optimum tor fungal protease acting on gelatin agrees with 
that found by Berger, Johnson, and Peterson (4). The pH optimum 
lor papain acting on casein was slightly lower than those found by 
several investigators (3, 16, 21). The pH optimum for fungal protease 
does not agree with those reported by Wetter (40) and McConnell 
(22), but this may be expected, since these measurements were with 
different sources of fungal protease. The pH optimum found for 
malted wheat protease using gluten substrate is different from those 
reported by Mounfield (29,31). This may be due to the fact that 
Mounfield employed the formol titration method to measure proteol- 
ysis. Mounfield showed that malted wheat flour contains a peptidase 
having a pH optimum between 7.3 and 7.9. In the measurement ol 
proteolysis by the formol titration, the effect of peptidase activity may 
have contributed to the increase in carboxyl groups which was taken 
as a measure of proteolysis. 

‘The reasons for variations in the effect of pH upon the activity of 
enzymes acting on various substrates are obscure. Part of the variation 
may be attributable to the various methods used to measure proteolysis. 
Assuming that the enzyme preparations contain different protease 
enzymes, a method designed primarily to measure endopeptidase 
would exhibit a different pH optimum trom one designed to measure 
exopeptidase activity. The effect of the hydrogen-ion concentration on 
substrate solubility and its availability to enzyme attack may also be a 
factor, particularly with substrates such as gluten and hemoglobin, 
which become increasingly soluble or dispersed as the hydrogen-ion 


concentration is increased to pH_ 1.0-2.0. Since there may be concomi- 
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tant inactivation of the enzyme as the pH approaches 2.0, the apparent 
optimum activity of an enzyme may be somewhere between the pH 
of adequate dispersement and loss of activity of the enzyme due to 
inactivation, 


Heterogeneity of Malted Wheat Flour and Fungal Proteases 


The most direct method of measuring heterogeneity of a protease 
system is to employ synthetic substrates of known structure. The sub- 
strates studied were such as to show the presence or absence of spec- 
ificity resembling that of pepsin, trypsin, carboxypeptidase, and cer- 
tain dipeptidases. 

Pepsin-like and Carboxypeptidase-like Activity. No pepsin-like or 
carboxypeptidase-like activity was found for either malted wheat flour 
or the fungal preparation. This was established by use of carbobenzoxy- 
glutamyl-L-tyrosine and carbobenzoxy-glycyl-L-phenylalanine, respec- 
tively. In these experiments several concentrations of enzymes were 
employed. In the instance of malted wheat flour, without recourse to 
purification procedures and possible loss of the particular enzyme be- 
ing studied, the highest concentration that could be used conveniently 
was 1.0ml. of a 1:2 extract per 1.0ml. substrate (0.05M). A pH of 
1.0 (11, 12) and digestion time of 24 hours were used in the presence 
ol 0.001M potassium cyanide to inhibit microbiological growth. Simi- 
larly, for Rhozyme-S, the concentration was 20 mg. per test. On the 
basis of reaction with Bacto hemoglobin, | mg. of Rhozyme-S is equiva- 
lent to 500mg. of malted wheat flour, Attempts also were made to 
utilize a partially purified malted wheat flour protease that was 120 
times as active as normal malted wheat flour protease (50 units per g.) 
(1). This preparation also showed no pepsin-like or carboxypeptidase- 
like activity. However, it was not certain whether the carboxypeptidase 
was destroyed during purification. It was concluded that pepsin-like 
or carboxypeptidase-like activity was not present in the malted wheat 
flour or fungal supplements. 

Trypsin-like and Dipeptidase-like Activity. Both enzyme prepara- 
tions showed trypsin-like and dipeptidase-like activity by their reaction 
with benzoyl-t-arginine amide and several different dipeptide sub- 
strates (Fig. 5). All curves possess a rather broad peak. The level of 
activity in the fungal preparations is less than that for an equivalent 
amount of malted wheat flour, on the basis of its action on hemo- 
globin. Indeed, no activity of any kind could be established for the 
lungal preparation until the concentration was increased several-fold 
above that equivalent to malted wheat flour. No activity could be dem- 
onstrated for the fungal preparation acting on glycyl-L-tyrosine, but 
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Fig. 5. Effect of hydrogen-ion concentration on hydrolysis of glyeyl-.-tvrosine, L-leuevighveine, and 
benzoyl-t-arginine amide by proteases of malted wheat flour (-) and Rhozyme-S (@). 


both the fungal and malted wheat flour protease systems split glycyl- 
pi-serine, glycyl-L-tryptophan, and glycylglycine substrates. 

Effect of Heat Treatment on Trypsin-like and Dipeptidase-like Ac- 
tivity. The activity of the preparations treated by the technic of Miller 
and Johnson (26) to remove the alpha-amylase indicated that several 
of the specific peptide bond-splitting enzymes are inactivated by this 
procedure. The treatment to destroy alpha-amylase in the fungal 
preparation removed all specific types of proteolytic activity which 
were measured, except the trypsin-like activity which was maintained 
at full strength. The treatment to inactivate the alpha-amylase in the 
malted wheat flour caused no loss in the capacity of the malted wheat 
flour to split glycylglycine or glycyl-L-tryptophan, but a 60°), decrease 
in trypsin-like activity was observed. All other types of activity dem- 
onstrated for the original malted wheat flour were completely elimi- 
nated by the acid and heat treatment. 


Conclusions 


Neither denatured nor undenatured gluten is as available to enzyme 
hydrolysis as hemoglobin. This may be due mainly to its insolubility. 


— 
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The tungal and malted wheat flour proteases were shown to have a 
greater afhnity lor gluten than for hemoglobin, although the rate of de- 
composition of the enzyme substrate complex was greater for hemo- 
globin. These facts serve to illustrate some of the problems associated 
with the use of a dried gluten substrate to determine protease activity. 

The similarity of the apparent activation energy values for hydroly- 
sis of gluten by various enzyme systems suggests that the different en- 
zyme systems hydrolyzed similar bonds. The variation encountered for 
hydrolysis of hemoglobin suggests that different bonds were split by 
the various systems. The activation energy for the hydrolysis of gluten 
in dough was similar to that determined for the same enzyme system 
hydrolyzing dried gluten. This indicates that similar peptide bonds 
were split in gluten of dough and undenatured dried gluten substrates. 

Some material associated with, or a component part of, the gluten 
inhibited a fraction of the protease present in malted wheat or barley 
flour. Fungal enzymes were not affected similarly. These data suggest 
a fundamental difference between the proteases of fungal preparations 
and malted wheat flour. 

Available data do not permit an evaluation of the relative im- 
portance of the effect of pH on substrate availability and its effect on 
the enzyme. Data obtained in this study indicate that pH optima, with 
the exception of that of trypsin, shift depending on the substrate em- 
ployed. The pH optima for the various enzyme systems were similar 
when the same substrate was hydrolyzed. The pH optimum for trypsin 
was found to be 7.0-8.0, independent of the substrate. The present 
studies appear to support the contention of Northrop (34), Moelwyn- 
Hughes (28), and Fruton (10) that the pH optimum is influenced by 
the nature and concentration of the substrate. 

Malted wheat flour and fungal preparations contained several 
proteases. Both sources exhibited trypsin-like activity, but malted 
wheat flour was more active with respect to this component. Several 
types of dipeptidase-like activity were demonstrated. No pepsin or 
carboxypeptidase-like activity could be demonstrated. These experi- 
ments do not demonstrate all of the types of protease that may be 
present in fungal and malted wheat flour preparations. In order to 
follow this problem to its logical conclusion, it would be necessary to 
perform end-group analysis on the products resulting from enzyme 
digestion. Such data could provide a logical basis for selecting syn- 
thetic substrates which would reveal the type of linkage split in hemo- 
globin, gluten, or other substrates. Such information might suggest 
the use of certain synthetic substrates for an accurate analysis of pro- 
teolytic enzyme systems used for a specific purpose. 
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A MICROBIOLOGICAL METHOD FOR DETERMINATION 
OF CYSTINE IN FOODS' 


Mittarp |. Horn anp Amos E. 


ABSTRACT 


\ new basal medium for the microbiological determination of cystine 
has been developed using an acid hydrolysate of a “lanthionized” casein 
plus tryptophan and arginine as a source of amino acids. This medium 
gives reproducible standard curves. A study of the rates of liberation of 
eleven amino acids from a protein and a cereal indicates no loss of amino 
acids on long hydrolysis except cystine. As a result of these experiments, 
2-hour hydrolysis was used for all cystine assays. Data are presented on 
the cystine content of 60 proteins and foods. 


Attempts have been made to obtain reliable standard curves ton 
cystine, using a synthetic basal medium and hydrolysates of peroxide- 
treated casein (30) with Leuconostoc mesenteroides P-60 as the test 
organism. These attempts were unsuccessful. Peroxide-treated casein 
gave better results than the synthetic medium, but it was found difh- 
cult to duplicate the standard curve owing to inability to standardize 
the destruction of amino acids by the peroxide treatment. 

A sample of “decystinized” casein prepared by Jones and Gersdortt 
(20), which was available in the laboratory, was hydrolyzed and used 
as a test basal medium. This hydrolysate gave excellent results but 
had the disadvantage that the preparation of the protein was long and 
tedious. 

When lanthionine was discovered (17, 18,19), it was found that 
proteins boiled with 2.00°) sodium carbonate changed the cystine to 
lanthionine. This led to a study of the use of a “lanthionized” casein 
as a source of amino acids in a basal medium. 

This paper describes the preparation of “lanthionized” casein 
hydrolysate and its use in the basal medium for the microbiological 
assay of cystine in 60 proteins and foods. 


Materials and Methods 


This method consists essentially of three fundamental changes in 
the usual cystine assay: 1) preparation of “lanthionized” casein tor 
use in an adequate basal medium; 2) autoclaving the basal medium 
at 15 lbs. pressure for 15 minutes before preparing the tubes for assay; 
3) use of a 2-hour hydrolysis of samples to be assayed to assure mini- 
mum destruction of cystine. 


' Manuscript received March 11, 1955. Contribution from Human Nutrition Research Braneh, Agri- 
cultural Research Service, U. S. Department of Agriculture, Washington 25, D. C 
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iABLE I 


Vaturs FoR Typtcat STANDARD Cystine Curve 


Amounr L-Cystine TITRATION WITH Amount L-Cystine TITRATION WITH 
rex Tupe 0.05N NaOH per Tuse 0.05N NaOH 
mil. mil. 
0 1.6 i2 9.3 
4 1.0 14 9.9 
i 6.0 16 10.3 
6 7.1 20 11.5 
x 7.9 0 14.6 


10 8.6 


Preparation of “Lanthionized” Casein. Four grams of casein 
(16°, N) or its equivalent are boiled 20 minutes with 100ml. of 2° 
sodium carbonate solution in a 500-ml. flask provided with a reflux 
condenser. After boiling | minute the casein is all in solution. After 
20 minutes’ boiling, the condenser is removed, the solution cooled, and 
approximately 4 ml. concentrated hydrochloric acid are added cau- 
tiously drop by drop (to avoid excessive foaming) until all carbon 
dioxide is evolved and the casein is precipitated. Now 100 ml. concen- 
trated hydrochloric are added slowly until the solution contains 20°, 
hydrochloric acid and all the casein is back in solution. The condenser 
is reconnected and hydrolysis continued in the usual manner for 24 
hours. The excess hydrochloric acid is evaporated off on an air bath, 
the solution adjusted to pH 4.0, filtered and made up to 500 ml. for a 
stock solution. 

Composition of a double-strength basal medium is as follows: 


Lanthionized casein hydrolysate 250 mi. 
DL tryptophan 400 mg. 
L-arginine HCI|* 320 mg. 
Adenine, guanine, and uracil (each) 100 mg. 
Salts 10 mi. 
Salts B” 10 ml. 
Glucose 20 gm. 
Sodium acetate 12 gm. 


Vitamins in concentrations given in reference 16, except folic acid, which is 0.20 mg. 
Solution brought to 1,000 ml. volume pH 6.8, autoclaved, and readjusted to pH 6.8 
before use. 


“LL. mesenteroides P-60 requires large amounts of arginine (see reference 16). 
" See reference 16. 


Leuconostoc mesenteroides P-60 was used as the test organism. The 
assay procedure was that described in a previous publication (16). 

Titration values for a typical standard curve are given in Table I. 
These values were repeatedly reproduced using numerous prepara- 
tions of “lanthionized” casein. The humin, filtered from 2-hour hy- 
drolysates, does not affect the titration values (14, 15). 
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TABLE Il 


Errect oF Hyprorysis Time ON APPARENT Cystine CONTENT 


Coconut Wore FeaTHER oF Marrep 
Time Wear Meat‘ SovBEAN Banvey 
l 1.63 2.25 4.90 1.52 0.24 2.10 
2 1.83 2.25 1.70 1.63 0.26 2.02 
8 1.39 4 5.49 1.35 0.23 1.37 
24 1.05 1.02 2.82 1.06 (0.22 0.96 


* Caleulated to 16% nitrogen, exeept coconut globulin whieh was 17.4% N 
" Obtained through the courtesy of Charles A. Denton, Animal and Poultry Research Branch, A.RUS.. D 
partment of Agriculture 
Obtained through the courtesy of Dr. Harold H. Williams, Department of Biochemistry and Nutrition, 
Cornell University, Ithaca, N. 


: Effect of Hydrolysis on Destruction of Cystine. The tate olf cystine 
; on prolonged acid hydrolysis was studied. The hydrolysis procedure 
used in this laboratory is: an amount of food equivalent to 100-200 
mg. of protein is hydrolyzed by reflux with 35 ml. of 20°, hydro- 
chloric acid. The mixture is evaporated to approximately 7 ml. on an 
air bath, and washed into a beaker with 200 ml. of distilled water. 
The solution is adjusted to pH 4.0 with 5 N sodium hydroxide, fil- 
tered through a fritted glass funnel (14, 15), and washed with wate: 
adjusted to pH 4.0. (Caution: filtrate should be at pH 4.0, or if not, 
it should be made to pH 4.0 and refiltered.) The filtrate is then ad- 
justed to pH 6.8 and made up to | liter for assay. 
The results obtained on foods containing various amounts ol car- 
bohydrate, hydrolyzed for various time intervals are given in Table II, 
in which 2-hour hydrolysis shows the maximum amount of cystine. It 
was thought at first that the higher values given by a 2-hour hydroly- 
sate might be due to peptides of cystine with greater activity than the 
free cystine. It is conceivable that if cystine were free alter a 2-how 
hydrolysis, other amino acids would also be liberated. Therefore, a 
pure protein (coconut globulin) and a whole wheat were hydrolyzed 


# : for different lengths of time and assayed for eleven amino acids. The 
results, given in Table show that approximately 90°) of all the 
Pik ool amino acids are either free or in a peptide form small enough to be 


assayed alter |-hour hydrolysis; that there is no destruction of amino 
acids on prolonged acid hydrolysis except for cystine; that 8-hour 
hydrolysis can be used to assay all the amino acids except cystine, fon 
which a 2-hour hydrolysate is recommended; and that the presence of 
over 80°, carbohydrate in the wheat sample does not destroy tyrosine. 
The observation concerning tyrosine will be discussed in a later paper 


dealing with the assay of tyrosine. 
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Results and Discussion 


It is conceded that in a 2-hour hydrolysate only about half of the 
amino acids are free in the solution. Therefore, the question arises 
whether the cystine in peptide form reacts differently from the free 
cystine and hence gives incorrect values. In a study of the reproduci- 
bility of cystine values, evidence was found to substantiate the belief 
that 2-hour hydrolysis gives a truer measure of the cystine content 
than a longer period. 

Reproducibility of Cystine Values. Table IV gives values for cys- 
tine at different assay levels and for different products. There is no 
drift in values at increasing levels. There was a pronounced tendency 
for high blanks and for levels to drift when the medium was not auto- 
claved betore assay tubes were prepared. This extra autoclaving seems 
to exert a stabilizing influence on the basal medium and is now being 
used in this laboratory for all amino acid assays. 

To study the effect of peptides of various proteins on cystine re- 
covery, free cystine was added to 2-hour hydrolysates of corn, lima 
beans, soybean, and wheat. The recoveries of added cystine varied from 
97°, to 101°, indicating that the peptides present had no effect on 
the standard curve. A 2-hour hydrolysate of lanthionized casein, to 
which was added free cystine after hydrolysis, showed no factors pres- 


) 


ent to interfere with recovery of cystine. Not even a mixture of a 
2-hour hydrolysate of soybean and a 2-hour hydrolysate of oats influ- 
enced the recovery of cystine added after hydrolysis. 


FABLE V 


Recovery or Cystine WHen Onr Gram or Wuear is 
20 MILLIGRAMS oF L-CysTINE FOR 2 AND 24 Hours RESPECTIVELY 


2. Hot n Hyprotysis 24-Hour sis 
Added as| Cystine | Cystine | Cystine Recovery Added as| Cystine | Cystine | Cystine | Recovery 
Wheat | Added | Added | Found Wheat | Added | Added | Found | 
033 | 201 | 234 | 248 | 1060 | 0.20 199 | 219| 155! 708 
065 | 402 | 467 | 463 990 | 040 | 398 | 438 | 3.10] 708 
0.98 6.03 7.01 6.90 98.0 0.59 5.97 6.56 4.40 67.0 
1.31 8.04 9.35 9.25 99.0 0.79 7.96 | 8.75 5.95 68.0 
1.64 10.05 | 11.69 | 11.64 99.6 0.99 9.95 | 10.94 | 7.50 68.6 
196 12.06 | 14.02 | 14.00 | 100.0 | 1.19 | 11.94 | 13.13 | 890 | 67.8 
2.29 14.07 16.36 16.40 100.0 1.39 13.93 | 15.32 10.50 | 68.5 
2.62 16.08 | 18.70 | 1850 | 990 || 158 | 15.92 | 17.50 | 11.85 | 67.7 
294 | 18.09 | 21.03 | 20.50 | 97.5 1.78 | 17.91 | 19.69 | 1340 | 68.0 
| 68.6 


$27 20.10 | 23.37 | 23.50 | 1006 1.98 | 19.90 | 21.88 | 


| 
\verage 99.9 | 68.6 
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When cystine is added before hydrolysis an entirely ditterent pic- 
ture is presented. Table V shows recoveries of cystine added to wheat 
and then hydrolyzed for 2-hour and 24-hour periods. In calculating 
recoveries of cystine, values obtained on a 2-hour and a 24-hour hy- 
drolysate of wheat were used. Any losses shown would, therefore, be 
due to loss of the added free cystine. This experiment shows that the 
lower values obtained on 24-hour hydrolysates are not due to hydrolysis 
of an active peptide present in a 2-hour digest but to an actual destruc- 
tion or inactivation of free cystine. The recovery of all the added 
cystine after 2-hour hydrolysis indicates there is no loss of cystine in 
any 2-hour hydrolysate, although only about 50°, of the cystine is free 
at that time. 

Comparison of the 2-hour and 24-hour cystine values for a series of 
foods shows that the 24-hour value approaches one-half the 2-hour 
value; therefore, it is possible that prolonged hydrolysis racemizes the 
cystine and does not destroy it. That racemization may take place is 
indicated by the higher values obtained by some colorimetric proce- 
dures that do not distinguish between the pv and L isomers but de- 
pend only on the cystine being free in the solution. For example, 
values obtained for lactalbumin by the Sullivan colorimetric method 
for cystine are between 3.5°%, and 4.1°%, after hydrolysis for 6 to 8 
hours, which compares with our 2-hour value of 4.03°;, but not our 
24-hour value of 2.23%. 

Table VI shows the reproducibility of cystine values when deter- 
mined by separate assay. Each assay was made on a different hydroly- 


IABLE VI 


REPRODUCIBILITY AND STANDARD DEVIATION OF CySTINE 
CONTENT BY SEPARATE ASSAY* 


Assay Assay Assay 


Foop 2 3 | s. D ¥. 
% % | 

Beans, lima 1.12 112 1.26 1.17 -0.030 | 69 
Casein 0.38 0.37 0.39 0.38 +0.010 26 
Cheese, Swiss 0.52 O0A9 0.50 0.50 +O0.016 3.2 
Corn, whole 2.38 2.41 2.61 2.47 +0.125 50 
Lactalbumin 3.95 4.19 3.94 1.03 +O.141 3.5 
Milk, dried, skim 0.94 0.97 0.96 0.96 +0.016 1.6 
Oats, whole 5.01 2.94 3.01 2.99 +0.040 1.3 
Peanut globulin 2.12 1.98 1.93 201 +0.098 1.9 
Sovbean 1.81 1.87 1.96 1.88 +0.080 1.3 
Wheat, whole 2.20 2.30 2.25 2.25 +0.050 y te’ 
Average 3.6 


* Calculated to 16% N. 
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sate with a fresh basal medium. Included in this table is the standard 
deviation and coefficient of variation for representative foods. The 
average deviation from the mean for all kinds of foods is 3.6°;. 

It is admitted that in a 2-hour hydrolysate only about 40—50°;, olf 
the amino acid is free in solution, and it is conceivable that the pep- 
tide cystine may react differently. Evidence for ten other amino acids 
(Table III) indicates that peptides of these amino acids in 2-hour 
hydrolysates exert no effect, since the 2-hour value agrees with the 
value obtained on a 24-hour hydrolysate. It is reasonable to assume 
that cystine peptides react the same way. Recovery experiments indi- 
cate no peptide activity on free cystine in 2-hour hydrolysates. The 
only other way to get high values would be to have a differential re- 
action between peptides of cystine and free cystine with the glucose 
(7). This did not occur with the other amino acids in the form of pep- 
tides and it is reasonable to assume that the peptides of cystine act no 
differently. Since it has been shown that free cystine is lost on a 
24-hour hydrolysis and not on a 2-hour hydrolysis, and since the re- 
covery of cystine is quantitative after 2-hour and not after 24-hour 
hydrolysis, a 2-hour hydrolysis period is recommended. 

Cystine Contents of Proteins and Foods. The cystine values for 
some proteins and foods are given in Table VII together with some 
values found in the literature. 

A review ol the literature shows that there are wide differences in 
the cystine values obtained by using various methods, and by different 
workers using the same method. 

Some of these discrepancies may be due to inherent errors in the 
assay method, others may be due to the method of hydrolysis. In 
general, our results agree quite well with those obtained by the 
Baernstein gasometric method (2, 3), but there is no general agree- 
ment with the results obtained by use of colorimetric methods. The 
values obtained on several foods agree with those of Evans (10), who 
used a differential oxidation method. In the literature there are very 
lew cystine values obtained by use of the microbiological technic. 
Miller et al. (23), using a 2-hour hydrolysis and a microbiological 
assay, found 2.27°% cystine in whole wheat which agrees with our 
value of 2.25°°. 

Schweigert et al. (29), using a microbiological method and a hy- 
drolysis of meats with 3 N hydrochloric for 16 hours at 15 Ibs. pres- 
sure, obtained 1.40%, 1.30°%, 1.30°% cystine for beef, lamb, and pork, 
respectively. Our values are 1.29%, 1.37%, 1.33%. Alexander et al. 
(1), using 2-hour hydrolysis and a microbiological method, obtained 
1.0°° 


» cystine for lamb. 
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THE CARBOHYDRATES OF THE GRAMINEAE. VI. 


The Nature of the Water-Soluble Polysaccharides 
of the Flour of Wheat (Triticum vulgare)! 


K. A. AND F. 


ABSTRACT 


Wheat gum has been extracted from the flour of spring and winter 
wheat with water and with aqueous ammonium sulfate. While all samples 
of the gums contained arabinose, xylose, and glucose, those made by the 
ammonium sulfate method had the highest pentosan content. The gums 
probably consist of a mixture of two polysaccharides, one composed of 
arabinose and xylose, and the other of glucose. The close association of the 
two polysaccharides was revealed by the fact that their separation by frac- 
tional precipitation from aqueous solution with methanol could not be 
accomplished. 


Investigations into the carbohydrates of the grain of barley (11), 
wheat (12, 14, 15), and rye (5) necessitated an exploratory study of the 
nature of the water-soluble polysaccharides of wheat flour. The early 
work of O'Sullivan (16) on the isolation and composition of the water- 
soluble “amylans” of wheat and that of Freeman and Gortner (10) on 
methods for the isolation of cereal gums, was not extended until rela- 
tively recently when Ford and Peat (8) isolated and carried out 
methylation studies on a polysaccharide extracted from wheat with 
aqueous ethanol. Still more recently Perlin (19) has investigated the 
polysaccharides extracted with aqueous acid and Pence et al. (18) ex- 
amined the pentosans in aqueous extracts of wheat flour freed from 
protein by adsorption on clay (“filtrol’”’), Evidence advanced by these 
authors has shown that the polysaccharides so derived were largely 
composed of p-xylose and L-arabinose, and that they were frequently 
associated with p-glucose and p-galactose. The water-soluble materials 
derived from wheat flour have been shown by several authors, Fin- 
ney (7), Clendenning et al. (4), and Baker et al. (2), to influence the 
various technological processes which utilize flour. The purpose of the 
present study was to compare the effects of several means of isolation 
upon the amounts and composition of the recovered pentosans from 
spring wheat and winter wheat flours. Determination of the composi- 
tion of the polysaccharides was greatly facilitated by using the micro- 
method of sugar analysis (6) coupled with paper chromatography (7). 

“1 Manuscript received October 4, 1955. Paper No. 3464, Scientific Journal Series, Minnesota Agricul- 
tural Experiment Station. This paper forms part of a thesis submitted by K. A. Gilles to the Graduate 
School of the University of Minnesota in partial fullillment of the requirements for the degree of Ph.D. 


2 Present address: General Mills Research Laboratory, Minneapolis, Minn. 
® Professor of Agricultural Biochemistry, University of Minnesota, St. Paul. 
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Materials and Methods 


Quantitative Chromatographic Analysis. \ 20-mg. sample of the 
polysaccharide was hydrolyzed on a boiling-water bath for 24 hours in 
N-sulluric acid in a sealed tube. The hydrolysate was passed successive: 
ly through the cation resin Amberlite IR 105 and the anion resin 
Duolite A4; at each stage the resin column was washed with six suc- 
cessive 10-ml. volumes of distilled water. The deionized sugar solution 
was concentrated in vacuo at 50°C. to give a sirupy mixture ol sugars 
which was weighed. ‘The sirup was dissolved in | ml. of a 50°), aqueous 
ethanol solution and stored at 0°C. until ready for use. Immediately 
prior to chromatographing, the sample solution was brought to room 
temperature. The chromatographic analysis was carried out on What- 
man No, | filter paper which had been previously washed repeatedly 
with water to remove water-soluble impurities that interlere with the 
colorimetric determination, by the phenol-sulfuric acid method (6). 

The paper chromatograms were prepared in the following way. A 
starting line 20 cm. long was drawn on the Whatman No. | paper and 
5-cm. margins running the length (57¢m.) of the paper were ruled 
off from each end of this line, leaving a central portion 10cm. 
wide. Within this central portion 40 pl. of the aqueous solution of the 
hydrolysate were placed along the starting line in a narrow band 
approximately 0.5cem. in width and 2cm. trom the edge of each 
margin. A small amount of this mixture was placed on the starting 
line in both marginal strips. In addition, an artificial mixture of the 
sugars known to be present from preliminary qualitative tests was 
also placed on the starting line in the marginal strips. A blank What- 
man No. | paper, 10 by 57cm., was also prepared and developed 
under the identical conditions used with the paper bearing the hy- 
drolysate. 

The chromatograms were developed for approximately 40 hours 
at constant temperature using the descending technic with the upper 
layer of a mixture of I-butanol, ethanol, and water (4:1:5, v/v). The 
papers were removed and dried in the air at room temperature, and 
the marginal strips were cut off and sprayed with a solution of am- 
moniacal silver nitrate (17), p-anisidine (13) or N,N-dimethyl p-amino 
aniline (3). After 5 minutes they were heated in an oven at 100°C. 
until the dark spots appeared, indicating the position of the sugars. 
The chromatogram was reassembled and, with the aid of lines ruled 
on the central, unsprayed portion of the chromatogram, using the spots 
on the marginal strips as indicators, sections of the paper were cut 
from the central portion so as to include each individual sugar. Iden- 
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tical pieces of paper with respect to position and area were cut out of 
the control paper blank. 

‘The sugars were eluted from the paper by placing them in a small 
beaker containing water, usually 10 to 25ml. depending upon the 
color intensity of the control spot. The appropriate elution volume 
may be arrived at solely as a matter of technic perfection. After stand- 
ing about 30 minutes with occasional agitation, the eluate was filtered 
through glass wool and pipetted in 2-ml. quantities into colorimeter 
tubes; the sugar content of the solution was determined by the phenol- 
sulfuric acid procedure. The pieces of paper cut from the blank 
chromatogram were treated in the same manner. 

The Phenol-Sulfuric Acid Method for Micro Sugar Determinations. 
A method employing phenol and sulfuric acid which was developed 
in this laboratory has been discussed by Dubois et al. (6). As applied 
in this work, the method involved the addition of a 2°, (for the 
pentoses) or a 5°, (for the hexoses) solution of redistilled phenol in 
water (I ml.) and 95°, sulfuric acid (5ml.) added by a fast-flowing 
pipette into a sugar solution (2 ml.) containing 10 to 60yg. of the 
sugar to be tested. After thorough mixing, the mixture was permitted 
to stand for 30 minutes before a reading was taken in the spectro- 
photometer. The optimum concentration of the phenol varies with the 
individual sugar being analyzed. The optimal absorption maximum 
must be determined for each sugar. The aldo-hexoses may be read at 
490 mp and the aldo-pentoses at 480 my. The standard curve for each 
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sugar is established with an authentic sample. A series of representative 
standard curves is presented in Fig. I. 

Preparation of Wheat Flour Gums. Throughout this communica- 
tion the term wheat gum will refer solely to the water-soluble poly- 
saccharides, exclusive of starch degradation products, which are de- 
rived by the extraction of wheat flour with water. 

(a) Extraction with warm water: A typical preparation was as follows: 
Patent flour (50g.) (protein, 11.7°%; ash, 0.47°,) from winter wheat 
and ethanol (300 ml., sp. gr. 0.9) were placed in a flask and agitated in 
a thermostatically controlled water bath at 42°C. tor 3 hours. The 
residue was collected either by filtration or better still by centrifuga- 
tion and dried overnight on a Biichner funnel. The residue was ex- 
tracted with water (600 ml.) at a temperature of 37°C., decanted, and 
extracted three more times with 250-ml. portions of water. The de- 
canted liquid was centrifuged and concentrated under reduced pres- 
sure in a large flask to a volume of about 10 ml. Polysaccharides 
present in the concentrated solution were precipitated with ethanol 
(sp. gr. 0.84), filtered, and washed with ethanol first of sp. gr. 0.88 and 
finally of sp. gr. 0.82. The product was washed with absolute ethanol, 
anhydrous petroleum ether and dried in vacuo over sulfuric acid. The 
wheat gum was a white amorphous powder — yield, 2.1 g. 

(b) Extraction with cold water: A sample of commercially milled flour 
(908 g.) (protein, 13.79%; ash, 0.49°,) was stirred overnight with dis- 
tilled water (2 1.) at an ambient temperature of 2°C. The mixture was 
allowed to settle and was then centrifuged. 

Five distinct layers were discernible in the centrifuge cup. The 
lower three layers, apparently composed largely of starch, gluten, and 
sludge, and an upper, foamy layer composed largely of fat and water- 
soluble proteins, were discarded. When the aqueous extract, approxi- 
mately 800 ml., was mixed with acetone (2 1.) a precipitate formed. 
This was collected by centrifugation, dissolved in water (200 ml.), and 
reprecipitated with acetone (470 ml.). The solvent was removed by 
air-drying followed by vacuum-drying. The hard, horny product (wt. 
19.6 g.) obtained in this way was dissolved in water and precipitated 


with ethanol (95°). The product was washed successively with ethanol, 
anhydrous petroleum ether and dried in vacuo over sulfuric acid. The 
yield of the white amorphous light powder was 12.1 g. or 1.3% of the 
weight of the flour. 

(c) Extraction with ammonium sulfate. The method employed was 
a slight modification of the procedure employed by Freeman and 
Gortner (9, 10), wherein wheat flour was extracted with half-saturated 


ammonium sulfate in order to avoid contamination of the product 
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with protein. Two kilograms were dispersed in a half-saturated am- 
monium sulfate solution (8 1.). The slurry was allowed to stand for 
several days at room temperature with occasional stirring. After the 
suspension had settled, the supernatant liquid (6.6 1.) was siphoned 
off. Solid ammonium sulfate (2.5 kg.) was added with stirring to the 
supernatant until fully saturated, whereupon precipitation occurred. 
The precipitate of the original extract was extracted twice with half- 
saturated ammonium sulfate in an analogous procedure. The precipi- 
tates were combined, placed in a cellophane dialysis bag together with 
toluene and chloroform to prevent microbial growth, and dialyzed 
until free from sulfate. The solution was then boiled for 0.5 hour 
with agitation and centrifuged. Into the supernatant liquid (1.9 1) 
methanol (7.6 1.) was introduced to effect precipitation of the wheat 
gum which was centrifuged, washed with methanol, and dried by sol- 
vent exchange as outlined above. Yield, (Product A, Fig. 2) 7.1 g. from 
2 kg. of flour. The nature of the soluble components of wheat flour 
extracted by the procedure of Freeman and Gortner was not further 
elucidated. In our work four fractions were isolated by the manner 
depicted in Fig. 2. 


. Wheat flour extracted with 
Residue 1/2 sat. (NH,),SO, 


Extract Se Extract twice with Saturate with 


1/2 sat. (NH,).SO, (NH,).SO, 


water 


Dialyze Discard Discard Dialyze 
supernatant precipitate supernatant precipitate 


Coagulum 


‘Ty (Product D) Heat 
Supernatant solids 
Supernatant solids precipitated with 
recipitated with Coagulum 
P P ethanol (Product B 
methanol (Product A) r ct B) 
(Product C) Freeman's gum 


Fig. 2. Preparation of wheat gum. 


Fraction A was the gum as prepared essentially by Freeman and Gort- 
ner (10) and outlined above. Fraction B was the precipitated residue 
arising from the heat treatment of Fraction A which yielded 1.87 g. 
Fractions C and D arose from the water extract of the original flour 
which had been previously extracted with three portions of half- 
saturated ammonium sulfate. The extract was dialyzed to remove sul- 
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fates, heated to boiling, and centrifuged to give Fraction D (yield, 4.73 
g.). Fraction C was precipitated from the supernatant with methanol 
(yield, 2 g.). 

Table I summarizes the typical data concerning yields of crude 
wheat gum derived from various flours together with the ash and 
crude protein (N X 6.25) of these flours. 


IABLE I 


Typical or Wreat Gum Derivep Various Frours 


ANatysis or Fiowur 


Tyre or Wear (Dry Basis) Metnop or oF 
Frown Exrractep EXTRACTION Gun 
Ash Protein 
Spring, red dog 3.51 18.6 Water (37°C.) 1.5 
Winter, patent OAT 11.7 Water (37°C.) $2 
Spring, patent 049 13.8 Water (37°C.) 9 
Winter, red dog 3.43 17.0 Water (37°C.) 52 
Winter, patent O0A9 13.7 Water (3° C.) 13 
Winter, patent 049 13.7 Half-saturated 
ammonium sulfate 
(26°C.) 


Results and Discussion 


Chemical Composition. Preliminary paper-partition chromato- 
graphic analysis disclosed that the crude wheat gums were similar in 
composition. All of the gums contained glucose, arabinose, and xylose 
as revealed by paper chromatography using phenol saturated with 
water as the irrigating solvent, the respective Ry values being 0.38, 
0.48, and 0.55, all in close agreement with authentic samples tested 
simultaneously. Typical data derived from the analysis of crude wheat 
gums which appear to be a mixture of pentosan and hexosan (15) are 
presented in Table II. Bearing in mind that the sample of winter 
wheat extracted at 37° was a red dog flour while those extracted at 
3°C, with water and at 25° using ammonium sulfate were patent flours, 
the results in Tables I and II indicate that the method of extraction 
greatly influences the type of crude gum that is ultimately isolated as 
evidenced by the lack of similarity in specific rotation, pentosan con- 
tent, and iodine color of the gums. 

The high negative specific rotation of the crude gum trom winter 
wheat [z| 2} —108° in N-sodium hydroxide (C, 1°), prepared by the 
ammonium sulfate procedure was accompanied by a high pentosan 


value as determined by the thiobarbituric acid method of Bailey (1). 
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Furthermore, the protein content of the crude gum varies with the 
method of extraction. The ammonium sulfate procedure gives rise 
to a gum having the highest crude protein value. This occurs even 
alter an extensive dialysis wherein normal tests for ammonium sulfate 
are made. Apparently this method fails to extract the polysaccharides 
selectively and it does not leave the protein as a precipitate, as Free- 
man had hypothesized (9); but it does, however, produce a gum ol 
high pentosan content (see Table IV). 


IABLE Il 


ANALYTICAL Data OBTAINED FROM CRUDE Wreat 
EXTRACTED FROM WINTER Wueat PATENT FLOUR 


Winter 


Ex tRactep with PATENT Patent 
Avatyrican Test EXTRACTED with EXTRACTED with 
(NH4)280, Corp Water Warm Waren 

(3°C.) (37°C.) 


25°C.) 


Crude protein 


(N X 6.25) (7) 22.7 O89 0.84 

Biuret test +4 = 

[a] N—NaOH; ©, 1°; 108° +10.6 +80.4° 

Pentosan 67.0 19.6 13.6 

lodine colon None Blue-green Purple 

Component j Glucose Glucose Glucose 
sugars by paper. \rabinose \rabinose \rabinose 
chromatography Xvlose Xylose Xylose 

* The rest of the material is a polyglucosan. 


Fractionation of the Gums. In an attempt to obtain a wheat gum 
of high pentosan content, the crude material was fractionated by 
precipitation from aqueous solution (4°%) with methanol, which was 
slowly added with stirring. These fractions were collected by centrifu- 
gation, dehydrated by the method of solvent exchange, and finally 
dried in vacuo. The yields of these gums are given in Table III. No- 
ticeable differences in yields were evident in those fractions precipi- 
tated by small amounts of methanol. Moreover, it was observed that 
12°) of the gum from the ammonium sulfate procedure was insoluble 
in water. 

Determination of the Composition of the Wheat Gum Fractions. 
Analysis of the fractions (I’-VI’) of wheat gum extracted with am- 
monium sulfate by quantitative paper partition chromatography (6) 
(see Table IV) shows that the pentose content for all fractions except 
the second varied between 83° and 94°,. Furthermore, the greatest 
negative specific rotation that was observed for the fractions, prior to 
hydrolysis, was [x] 2 —111°. This represents a very small change from 


= 
3 
— 
the 


36 CARBOHYDRATES OF THE GRAMINEAE. VI Vol. 3 


w 


PABLE Ill 


FRACTIONAL PRECIPITATION OF WHEAT GUM FROM AQUEOUS SOLUTION 
WITH METHANOL 
(4 g. gum in 100 ml. water) 


Gum Prerarep sy 


Wueat Gum Preranep sy EXTRACTION with AmMo- 


MerHanot Extraction with Water SULFATE 
Fraction Precipitate Fraction Precipitate 

mil. | % 
0 I’ 12.3 
25 I 17.4 Il’ 2.0 
Il 1.0 lil’ 1.3 
75 5.6 IV’ OR 
125 IV 5.6 30.5 
Excess 6.8 VI 52.7 


the initial value of [2] 2’ —108° observed in the unfractionated gum. 

It is apparent from this that separation of pentosan and hexosan 
components of the wheat polysaccharide could not be accomplished 
under these conditions by direct fractional precipitation of the crude 
mixture. This observation indicates that the effectiveness of the pre- 
cipitation technic frequently employed as a test for homogeneity of 
complex polysaccharides is open to question in the case of the wheat 
gum fractionations. 


IPABLE IV 


CHROMATOGRAPHIC ANALYSIS OF THE HYDROLYZED FRACTIONS OF THE WATER-SOLUBLE 
POLYSACCHARIDE EXTRACTED FROM WHEAT FLOUR with HALF-SATURATED 
AMMONIUM SULFATE 
(4 g. polysaccharide dissolved in 100 ml. water) 


More Ratio or 
SUGARS Present 


FRACTION METHANOL AppED To PENTOSAN 
Give Preciprtate CONTENT 
Glucose Arabinose X ylose 
mil, 
Crude gum O17 06 10 x9 
I’ Water-insoluble 0.33 1.1 10 
Il’ 25 O83 14 10 71 
Ill’ 0.25 O38 10 
IV’ 100 0.08 05 1.0 O4 
Vv’ 125 0.33 0.9 10 83 
VI Concentrate of 
mother liquors 0.33 0.9 10 83 
Conclusions 


The water-soluble polysaccharides derived from wheat flour con- 


tain as monosaccharide building units, primarily glucose, arabinose, 


Jan., 1956 K. A. GILLES AND F. SMITH 37 


and xylose. In reporting the isolation and composition of water-solu- 
ble polysaccharides derived from wheat flour, it is imperative that an 
explicit method of preparation be given, since the nature of the com- 


ponents of the system is greatly dependent upon the means by which 


these materials are derived from the flour. 


19. 
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EXTRACTION OF RICE PROTEINS ' 


Russet T. McIntyre AND KRISHNA KyYMAL 


ABSTRACT 


The use of an anionic detergent of the alkyl aryl-sulfonate type as an 
extractant in removing proteins from rice was investigated. Extraction of 
proteins was most efficient when sodium bisulfite and sodium carbonate were 
added to an aqueous solution of the detergent. The fineness of sample 
grinding also increased the extraction efficiency. 

When the rice was ground to 100-mesh size, nearly complete dispersal of 
the nitrogen was accomplished by extractions of 2, 4, and 9 hours’ duration 
employing a solution of 4°, Santomerse No. 3, 2% sodium carbonate, and 
0.2°,, sodium bisulfite. Decreasing the detergent concentration to 1°, slight- 
ly lowered the extraction efficiency. 

The common method of extracting rice proteins employing a series of 
extractions with water, 5°; sodium chloride, 70% alcohol, and 0.2% sodium 
hydroxide leaves about 25°, of the protein undispersed. The majority of 
this protein can be dissolved by use of a detergent solution. 


Although rice is the most extensively grown cereal in the world, 
the literature contains only a small number of reports of investiga- 
tions concerning the proteins of this grain. Investigations of the rice 
proteins, as well as many other plant proteins, have been hampered 
by dificulties encountered in the extraction of these constituents from 
the starch endosperm. The insoluble nature of these proteins in com- 
mon solvents systems has been the limiting factor. In one of the 
earliest studies, Rosenheim and Kajiura (5) reported that the main 
protein oryzenin belonged to the glutelin class; albumin, globulin, 
and prolamine types were also present in appreciable quantities. Be- 
cause of the differences in the solubility types of the proteins, several 
solutions were employed by previous workers to extract the protein 
constituents. Complete extraction has not been obtained by the meth- 
ods reported. 

Kik (3) extracted ground rice with 1° sodium chloride, 60° aque- 
ous ethanol, 0.1%, sodium hydroxide, and 20°; 


) ) 


hydrochloric acid, 
and about three-fourths of the protein was removed. In order to ob- 
tain a representative sample of the total protein for amino-acid assay 
it was necessary to hydrolyze the remaining starch residue and add it 
to the hydrolyzed extracts. Sturgis, Miears, and Walker (6) used a 
similar method to separate the proteins in an attempt to determine 
quantitatively the classical protein types. Extractions with water, 5% 
sodium chloride, 70°, alcohol, and 0.2°,, sodium hydroxide removed 
an amount between about 55 and 75% of the total nitrogen. The aver- 


1 Manuscript received February 28, 1955. Contribution from the Department of Agricultural Chem- 
istry and Biochemistry, Louisiana Agricultural Experiment Station, Baton Rouge, Louisiana. 
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age was around 60°) extraction. Both of these methods are tedious 
and time-consuming, and require large volumes of extractants. More- 
over, the solubilities of the proteins are such that combination of the 
fractions results in precipitate formation. Investigations employing 
these extracts are limited. The need for a more efficient extraction 
method, as well as a homogenous extract, is obvious. 

In a review of protein interaction with synthetic detergents, Put- 
nam (4) indicated that combination of an anionic detergent and pro- 
tein usually results in solubilization of the protein. Solubility is in- 
creased primarily when the detergent part of the molecule and the 
protein have the same charge. Precipitation may occur at certain con- 
ditions of pH and protein detergent weight ratio. The strong disper- 
sive ability of the synthetic detergents is indicated by the studies of 
Jones and Mecham (2), who found that structural proteins of the 
keratin class (feather, hoof, etc.) were solubilized by an ionic detergent 
when used in conjunction with a reducing agent such as bisulfite. 

The usefulness of detergents in the extraction and analysis of the 
corn proteins was reported by Foster, Yang, and Yui (1). These pro- 
teins, chiefly of the alcohol-soluble type, were partially dispersed by 
dilute aqueous solutions of a detergent in alkaline buffer. Extraction 
was nearly quantitative when bisulfite was added to the extractant. 

In view of the above investigations, it appeared probable that a 
homogeneous solution of the proteins of rice could be obtained by 
extraction of rice meal with a solution of an anionic detergent. There- 
fore, the following investigations were undertaken. 


Materials and Methods 


Preparation of Samples. Brown rice of the Rexoro variety, from the 
1953 crop grown at the Rice Experiment Station, Crowley, Louisiana, 
was used in all investigations. The rough rice was stored at 0°C. for 
about 6 months before the hulls were removed with a McGill Sheller. 
The hulled rice was ground with a small laboratory Wiley mill. The 
moisture content of the ground rice was 14°%. The nitrogen content 
«. Which corresponds to a protein content (N x 5.95) of 
940°. (dry weight basis). 


was 1.58° 


The fat was removed from the ground rice prior to extraction of 
the proteins. Samples of rice (5.000g.) were weighed into a 250-ml. 
glass-stoppered Erlenmeyer flask. Twenty-five milliliters of diethyl ether 
were added, and the flask was swirled and allowed to stand 30 
minutes. After the ether was decanted, the rice was extracted with two 
more portions of ether. The flask was allowed to stand in the hood 
overnight to remove the ether. 
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Extraction Procedure. Nitrogen was extracted at room tempera- 
tures as follows: Thirty milliliters of the solvent mixture were added 
to the flask containing the defatted rice. The flask was stoppered and 
shaken. A mechanical shaker (280 strokes per minute) was used to 
ensure thorough agitation during the extraction. \lter the flask was 
shaken the desired length of time, the contents were poured into a 
centrifuge tube and centrifuged at 2500 r.p.m. for 5 minutes. The cen- 
trifugate was decanted directly into an 800-ml. Kjeldahl flask. The resi- 
due was transferred back to the Erlenmeyer flask with the aid of fresh 
solvent and the shaking repeated. In work conducted since these in- 
vestigations were carried out, the entire series of extractions was made 
in 90-ml. centrifuge tubes with excellent results. This eliminated 
transferring from one vessel to another, hence reducing chance tor loss 
of sample. Less time was consumed also. 

In one series of experiments, extractions were carried out by Kik’s 
method (3). The residue remaining alter the various extractions was 
then extracted with a detergent solution as described later. 

Nitrogen Analysis. The nitrogen content of the extracts, residues, 
and untreated cereal was determined by the macro-Kjeldahl-Gunning 
method (A.O.A.C.). 

Detergents. Santomerse No. 3,7 an alkyl benzene-sullonate, was used 
in most of the experiments. 


Results and Discussion 


In the first series of extractions, Santomerse No. 3 (1.0°,) and 0.2, 
sodium bisulfite in water were shaken with 5-g. samples of rice ground 
to 20-mesh and 60-mesh. The solvent was removed after each day's 
shaking and fresh extractant added. As indicated in Fig. 1, the extrac- 
tion efficiency was low alter the first day in both cases. Since the ma- 
jority of the rice protein belongs to the glutelin class (5), an increase 
in pH was anticipated to aid in protein dispersion. When sodium 
carbonate was added to the extraction mixture to a concentration of 
2°), a sharp increase in extraction efhciency was observed. This ob- 
servation was also made by Foster, Yang, and Yui (1) in their studies 
of corn proteins. Since the extraction efhciency was greater when the 
sample was ground to pass through a 60-mesh screen as compared to 
a 20-mesh sample, this sample was used in several of the subsequent 
experiments. However, as will be shown later, a further decrease in 
particle size would increase the effectiveness of extraction. 

The sharp increase in the extraction efhciency of the systems fol- 
lowing the addition of sodium carbonate prompted further investiga- 
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and detergent. 


tions. It was found that at pH 10 (sodium bicarbonate-sodium carbon- 
ate buffer) the extraction was about the same as that which occurred 
at a higher pH with sodium carbonate alone (pH 11). The results of 
the extractions described previously indicated that the greater part 
of the nitrogenous constituents could be removed by several extrac- 
tions with Santomerse No. 3, sodium bisulfite, and sodium carbonate. 
In the succeeding experiments, sodium carbonate was employed to 
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maintain the pH ata high level. (Fig. 2.) 
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Fig. 2. Extraction of rice protein in buffered and unbuffered solutions. 
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In preliminary experiments, about as much protein was solubilized 
during a 2-hour shaking period as during one of 24 hours’ duration. 
The protein solubilized during this stage probably consists of the 
readily soluble albumin and globulin fractions as well as glutelins 
from the outer surfaces of the particles. During later stages of extrac. 
tion, the solvent must penetrate the particles and more time would be 
needed to remove the protein from the particles. It was therefore 
assumed that extraction efficiency would not be decreased by shorten- 
ing the extraction time. A further decrease in particle size was expected 
to improve the extraction efhciency. Extractions were carried out on 
samples of two mesh sizes, 60 and 100. The method used in extracting 
the samples was the same as that previously employed except for 
modifications of the extraction time. The first extraction was for a 
period of 2 hours, the second, 4, and the final one, 9 hours. When 
60-mesh rice was employed in the extraction, the residue remaining 
alter the 4-hour extraction was ground for | minute in a Waring 
Blendor with a small amount of solvent and transferred back to the 
extraction flask with the aid of the remaining solvent, and then ex- 
tracted for 9 hours. 

The results of this series of extractions are shown in Fig. 3, curves 
A and B. The amount of protein extracted during these shorter extrac- 
tion periods showed that efhciency was not sacrificed. When the 60- 
mesh samples were extracted twice more (9 hours for each extraction) 
the total amount of nitrogen extracted was increased to 95°, (data not 
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Fig. 3. Extraction of rice proteins with various concentrations of detergent in the presence of 
sodium carbonate and sodium bisulfite. Curve A, 1% Santomerse No. 3, 60-mesh rice; Curve B, 1% 
Santomerse No. 3, 100-mesh rice: curve C, 2% Santomerse No. 3, 100-mesh rice: curve D, 3% Santo 
merse No. 3. 100-mesh rice curve E. 4% Santomerse No. 3. 100-mesh rice 
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shown). The 100-mesh rice showed the greatest extraction efficiency — 
about 97 to 98°,. The small amount of nitrogen extracted during the 
¥-hour extraction period suggested that further shaking would prob- 


ably be unprofitable. 

‘The ratio of detergent to rice protein was suggested as possibly 
affecting the extraction efhiciency. Therefore solutions containing 
2°,, 3°, and 4°% of Santomerse No. 3, as well as 0.2°,, sodium bisulfite 
and 2°) sodium carbonate, were prepared tor a series of extractions 


employing 100-mesh rice. These concentrations would correspond to a 


ratio of detergent to protein (wt/wt) of approximately 0.64 to 1, 1.28 


to I, 1.92 to 1, and 2.56 to 1, respectively, for the initial extraction. 
Alter the first extraction, this ratio would be much higher since the 


same amount of detergent is again added alter an appreciable quan- 


tity (70-80°,) of the nitrogen has been removed. The results, shown 
in curves B, C, D, and E of Fig. 3, indicate that extraction was most 
efhcient when the detergent concentration was increased to 4°). The 
difference between the amounts of nitrogen removed at various con- 
centrations of detergent is small, but nevertheless important when a 


quantitative extraction is desired. When the volume of the extraction 
solution was doubled for the first extraction and the normal amounts 
of solvent used in the final two extractions, the extraction efhciency 


was about the same as that obtained when extraction was carried out 


by the usual procedure. 

The efhciency of each of the sodium chloride, ethanol, sodium 
hydroxide, and hydrochloric acid extractions, as employed by Kik (3), 
is shown in Fig. 4. The total amount of nitrogen extracted by the 
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Fig. 4. Extraction of rice protein by method of Kik followed by detergent extraction: 1, 5% sodium 
chloride: 2, 70% alcohol: 3, 0.2% sodium hydroxide; 4, 20% hydrochloric acid; 5 and 6, 1% Santo- 
merse No. 3, 2% sodium carbonate, and 0.2% sodium bisulfite: 7, residue. 
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combined extractions was about 60°) of the total content. The residue 
which remained after the hydrochloric acid extraction was shaken 
overnight with 1° Santomerse No. 3, 0.2°%, 
sodium carbonate. Two of these extractions, each overnight, removed 


an additional 30°; of the total protein. The total amount extracted 


sodium bisulfite, and 2°, 


corresponds to the amount removed with three extractions with the 
detergent mixture alone (curve A, Fig. 3). The Kik method requires 
several days to complete, whereas the detergent extraction can be ac- 
complished in less than 24 hours. 

The use of the detergent method in extracting rice proteins has 
several distinct advantages. One solution is used throughout, the 
method is less time-consuming than other procedures, and the extrac- 
tion is efficient. The presence of the detergent may limit the usefulness 
of the extracts in some cases. Although the excess detergent is removed 
slowly by dialysis, it is not known whether the detergent-protein com- 
plex may be broken by this method. Another possible way of removing 
the detergent, which has been applied to other protein-detergent com- 
plexes, is to extract it with organic solvents. However, the presence ol 
the detergent would probably not prohibit the use of hydrolysates in 
chromatographic separation of amino acids by ion exchange methods. 
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GRAIN STORAGE STUDIES. XIX. 
Influence of Mold Infestation and Temperature on the Deterioration 
of Wheat During Storage at Approximately 12% Moisture! 


MotsHe GOLUBCHUK,? HEINZ SORGER-DOMENIGG,? L. S. CUENDET,* 
C. M. CHRISTENSEN,? AND W. F. 


ABSTRACT 


Surface-disintected and mold-inoculated samples taken from a_ lot of 
sound, hard red spring wheat were stored at 24°C. and 38°C. and approxi- 
mately 12°) moisture after being held at 18°, moisture for 7 days at room 
temperature. After the prestorage treatment the mold count of 31,000/g in 
the mold-inoculated samples was well within the range of that encountered 
in many lots of wheat going into commercial storage. 

Mold invasion magnified losses in viability and the increases in fat acidity 
which occurred during temporary storage at 18°), moisture. 

Upon subsequent storage at 12°, moisture, the mold counts of the 
majority of the samples declined but fat acidity continued to increase at 
both storage temperatures. Although no significant increase in germ damage 
was detectable in the samples stored at 24°C. and in the surface-disinfected 
samples at 38°C., germ damage increased sharply with the mold-inoculated 
samples stored at 38°C. This clearly demonstrated that greater germ damage 
can be caused by a combination of high temperature and mold infection 
than by either factor alone. 


Sorger-Domenigg et al. (6) recently reported that invasion of wheat 
by common storage molds during brief temporary storage at moisture 
contents of 15 to 21° 


, resulted in progressive deterioration of the 
wheat when stored up to 12 months at moisture contents of 13 and 
14°, and room temperature. They suggested that these results might 
help to explain some cases of deterioration in commercial bulks of 
grain, whose moisture content was supposedly too low for storage 
molds to grow. However, some of their experimental conditions were 
more severe than those which are normally encountered in wheat be- 
lore it reaches terminal storage. Moreover, the moisture content dur- 
ing subsequent long-term storage may have been high enough to 
permit some invasion by Aspergillus restrictus, which has been found 
recently slowly to invade and kill wheat at moisture contents ranging 
from 13.5°% to 15°, (3). The present tests were designed to avoid both 
of these objections, first by prestorage treatment that would allow 
a degree of infection by storage molds comparable with that which 
often occurs in practice, and secondly by subsequent storage of the 


' Manuscript received July 26, 1955. Contribution from the Departments of Agricultural Biochemistry 
and Plant Pathology-Agricultural Botany, Institute of Agriculture, University of Minnesota, St. Paul, 
Minnesota. Paper No. 3388 of the Scientific Journal Series. 

2 Research Assistant, Department of Agricultural Biochemistry. 

* Formerly Associate Professor, Department of Agricultural Biochemistry. Present address: Grands 
Moulins de Cossonay, Cassonay-Gare, Switzerland. 

* Professor of Plant Pathology and Botany. 

Professor of Agricultural Biochemistry. 
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grain at moisture contents low enough to prohibit the continued 
growth of all known storage molds. In addition, two controlled tem- 
peratures of 24°C. and 38°C. were used in storing the grain alter the 
preliminary treatments, since it was suspected that the temperature 
of the grain during long-term storage might influence the rate of de- 
velopment of germ damage and of biochemical changes that contribute 
to decreased quality. 


Materials and Methods 


Wheat. The wheat was of the variety Redman, of a lot having high 
viability, low fat acidity, and a moderate count of storage molds and 
with 21°) of the seeds yielding storage molds alter surface disinfection. 

Preliminary Treatment. One lot of 10 kg. was inoculated with a 
suspension of common storage molds (Aspergillus glaucus, A. flavus, 
A. ochraceus, A. candidus, and Penicillium) from moldy wheat, in 
suficient water to raise the moisture content of the seeds to 18°). A 
second lot of 10 kg. was surface-disinfected with a sufficient amount 
of a solution of 0.1°; 
tent to 18°. 

The two lots were stored at 4°C. for 24 hours to allow the moisture 
to equilibrate. They were then kept for 7 days at 30°C. in stoppered 


sodium hypochlorite to raise its moisture con- 


glass containers aerated with sterile air whose relative humidity (85°;) 
was in equilibrium with a grain moisture content of 18°). This treat 
ment was used in order to obtain a degree of infection likely to be 
found in commercial lots of wheat. After incubation the two lots were 
air-dried at room temperature until the moisture content of the mold- 
inoculated lot was approximately 11.5°, and that of the surtace-dis- 
infected wheat was approximately 12.5°). Each lot was divided into 
nine subsamples which were placed in screw-top Mason jars. All were 
stored in the sealed jars at 4°C. for 4 days and mixed frequently to 
obtain uniform distribution of moisture. The moisture content ol 
each sample was then determined. 

Four samples inoculated with molds and four of those surtace- 
disinfected were kept at 24°C. and a similar set of four each were kept 
at 38°C. Those stored at 24°C. were tested alter 2, 4, 8, and 12 months; 
the samples stored at 38°C. were tested alter 1, 2, 4, and 8 months. 
The ninth sample of each lot was tested immediately alter preliminary 
treatment and the results of these tests were considered to reflect the 
condition of the other samples at zero time. 

Testing Procedures. Each sample when removed from storage was 
tested for moisture content, fat acidity, viability, germ damage, mold 
count, deep penetration of the seed by storage molds, milling vield, 
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flour ash, and baking characteristics. Moisture content was determined 
by the one-stage, air-oven method specified in Cereal Laboratory Meth- 
ods (1). Fat acidity of ether-soluble material was determined according 
to the method of Hunter et al. (4), viability was determined by the 
Minnesota State Seed Testing Laboratory, germ damage by the U-S. 
Grain Inspection Division, Minneapolis, and mold count and deep 
penetration of the seed by storage molds according to the methods 
olf Christensen (2). 

For milling tests, 900g. of seed were tempered to 15°, moisture and 
ground in a Buhler Laboratory Mill. The flour yield was expressed 
as percent of total mill products which were recovered as straight 
grade flour. The ash content of the flour was determined by the rapid 
magnesium acetate method (1). 

For baking tests, 100g. flour, 3.0g. yeast, 5.02. sugar, 1.0 g. sodium 
chloride, and an appropriate amount of water were mixed for 3 min- 
utes. The dough was fermented for 2 hours and alter proofing was 
baked at 320°C. lor 25 minutes. The loaves were measured by rape- 
seed displacement 45 minutes after baking and scored the following 
day. Bromate levels of 0, 1, 2, and 3mg. of potassium bromate per 
100g. of flour were used with each sample, and the largest volumes 
were taken as an index of potential baking value irrespective of the 
bromate levels at which they were obtained. 


Results 


The major results are summarized in Tables I and I. 

The moisture content of the mold-inoculated samples increased 
by 0.1 to 0.5°) in storage, but in no case did it exceed 12.0°%. Like- 
wise, the moisture content of the surtace-disinfected samples fluctuated 
somewhat, but the maximum was 12.8°%. 

Mold Count. The original mold count of 15,000 /g was higher than 
that usually encountered in the highest grade wheats, but is well 
within the range of that found in many lots of wheat going into 
terminal storage (3). The count of 31,000/g in the mold-inoculated 
samples alter prestorage for 7 days at 18°(, moisture also is by no means 
excessively high. The mold count of the surlace-disinfected samples 
was originally zero, and remained low throughout the tests. The mold 
counts of the inoculated samples decreased sharply during the first 2 
months of storage and were low at the end of the tests, indicating that 
the spores originally present were dying. Thus, in the samples inocu- 
lated with molds, the mold count was decreasing as the amount of 
germ damage and other evidences of deterioration were increasing. 
This indicates, as suggested previously (6), that mold count alone may 
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not be a reliable index of present or future deterioration unless it is 
possible to obtain samples when the molds are increasing or at their 
peak, or at least before the majority of the spores have died. 

Deep Penetration of the Seed by Storage Molds. Originally 21% 
ol the seeds, alter surface disinfection, yielded molds; this degree ol 
infection is commonly encountered in high-grade wheats (3). After 
prestorage treatment, the surface-disinlected seeds were free of molds, 
whereas the mold-inoculated samples were 100°, infected. At 24°C. 
deep penetration of the surface-disinfected seeds remained essentially 
at zero and that of the mold-inoculated seeds remained essentially at 


I 


CHANGES IN SURFACE-DIsSINFECTED AND SAMPLES OF WuHeat 
CONTAINING APPROXIMATELY 12 Per Cent Motsture Uron Storace at 24°C. 


Montus Sronep 
Wear Treatment 


0 8 12 


Fat acidity, mg. potassium hydroxide/100 g wheat, 
dry basis 


Untreated 17.4 

Mold-inoculated 21.0 384 3.4 53.4 91.8 
Surface-disinfected 20.2 31.0 $8.9 10.9 

Viability, per cent 

Untreated 93 

Mold-inoculated 63 19 60 6 61 

Surface-disinfected 93 91 92 92 90 

Germ damage, per cent 
Untreated 0 
Mold-inoculated 2 10 2 5 4 


Surface-disinfected 


2 trace 4 trace 0 


Mold count, No./g wheat 


Untreated 15,000 
Mold-inoculated 31,000 2,000 8,400 3,600 2.800 
Surface-disinfected 0 200 600 0 0 


Deep penetration, per cent of kernels invaded 


Untreated 21 

Mold-inoculated 100 18 86 86 100 
Surface-disinfected 0 2 0 

Moisture content, per cent 
Mold-inoculated nz | 11.9 11.7 
Surface-disinfected 2.5 12.7 12.7 12.7 12.4 
Loaf volume, cc. 

Untreated 795 

Mold-inoculated 750 765 780 705 690 


Surface-disinfected 


760 780 795 765 | 770 
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100°). At 38°C. deep penetration of the surface-disinfected seeds re- 
mained at zero and that of the mold-inoculated seeds decreased to 8°% 
at the end of 8 months. 

Viability. During the prestorage incubation at 18% moisture the 
viability of the surface-disinfected sample remained at 93°%, while 
that of the sample inoculated with molds decreased to 63°. In sub- 
sequent storage for 12 months at 24°C. the viability of both samples 
remained essentially constant. However, upon storage at 38°C. for 8 


months, the viability of both samples decreased, to 30°, in the case 
of the mold-inoculated sample and to 3° in the case of the surface- 


TABLE Il 


CHANGES IN) AND Mowp-INOCULATED SAMPLES OF WHEAT 
CONTAINING APPROXIMATELY 12 Per Cent Motsture UPON STORAGE AT 38°C. 


Montus Stonep 
Trearwent 
0 1 2 1 8 


Fat acidity, mg. potassium hydroxide /100 g wheat, 
dry basis 


Untreated 17.4 | 

Mold-inoculated 21.0 36.1 196 | 609 | 779A 

Surface-disinfected 20.2 212 315 | 418 | 622 

Viability, per cent 

Untreated 93 

Mold-inoculated 63 49 45 47 30 

Surface-disinfected 93 93 78 71 8 
Germ damage, per cent 

Untreated 0 

Mold-inoculated 2 8 11 22 27 

Surface-disinfected 2 trace trace 5 5 
Mold count, No./g wheat 

Untreated 15,000 

Mold-inoculated 31,000 1,000 1,000 1,600 0 

Surface-disinfected 0 0 1,400 200 0 


Deep penetration, per cent of kernels invaded 


Untreated 21 

Mold-inoculated 100 20 58 14 

Surface-disinfected 0 0 10 0 0 
Moisture content, per cent 

Mold-inoculated 1.7 | 11.7 11.7 aa. 11.8 

Surface-disinfected 12.5 12.7 12.7 12.5 12.5 

Loaf volume, cc. 

Untreated 795 | 

Mold-inoculated | 705 735 | 630 

Surface-disinfected 75 
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disinfected sample. Apparently this temperature alone at a moisture 
content as low as 12°) is slowly lethal to wheat. 

Germ-Damaged or “Sick” Wheat. There was a slight development 
of germ damage in both the surface-disintected and mold-inoculated 
samples after the prestorage treatment, although it may be doubted 
whether this is significant, since in three of the four subsequent test 
periods the germ damage of the surlace-disinfected samples ranged 
from zero to a few kernels. When stored for 12 months at 24°C. there 
was a possible slight increase in germ damage of the samples originally 
inoculated with storage molds, but no increase in those that were 
surface-disinfected. When stored for 8 months at 38°C. the germ dam- 
age of the surface-disinfected sample fluctuated from a trace to 5°, 
while that of the samples originally inoculated with molds increased 
consistently with time, reaching 27°,. This seems rather conclusive 
evidence that a preliminary invasion of the seed by storage molds, 
of a degree often encountered in commercial lots of wheat, may result 
in really significant increases in “‘sick’’ wheat with time, if the seeds 
are stored at 38°C. In other words, a combination of original mold 
invasion and a high storage temperature will result in much greatet 
germ damage than will high temperature alone. 

Fat Acidity. During the prestorage period of 7 days, the lat acidity 
of the mold-inoculated and surface-disinfected samples increased only 
slightly. In subsequent storage at 24°C. the fat acidity of the samples 
inoculated with molds increased much more rapidly than that of the 
surlace-disinfected samples. At the end of 12 months, the fat acidity 
of the mold-inoculated sample had risen to four and one-half times 
its original value, whereas the fat acidity of the surtace-disintected 
sample had only doubled. With the samples stored at 38°C. the fat 
acidity of both the mold-inoculated and surlace-disinfected samples 
increased more rapidly than at 24°C. Again the fat acidities of the 
mold-inoculated samples were considerably higher than those olf the 
surface-disinfected samples. At both temperatures the evidence shows 
that a preliminary invasion of the seed by storage molds leads to sub- 
sequent increases in fat acidity even though the seed is stored at a 
moisture content too low for the molds to continue to grow. Appar- 
ently some of the mold-produced lipases continue to act at moisture 
contents below those that permit mold growth. 

Flour Yield and Ash Content. he flour yields and ash contents of 
the original samples and of those stored for 8 to 12 months at 24°C. 
and 38°C. remained essentially the same. Apparently deterioration 
must be rather far advanced before flour yield and ash content are 


appreciably affected. 
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Baking Quality. There was no pronounced change in the baking 
qualities of any of the samples stored at 24°C. Although the loat 
volumes of the mold-inoculated samples were consistently lower than 
those of the surlace-disintected samples, the differences in most cases 
were too slight to be considered significant. Storage at 38°C. resulted 
in lower loaf volumes than storage at 24°C., but the loaves obtained 
from all the stored samples had good internal characteristics. 


Discussion 


Sorger-Domenigg et al. (6) have shown that, once wheat has been 
invaded by common storage molds, deterioration as measured by in- 
creases in tat acidity and germ damage may continue even alter the 
wheat has been dried to 13-14°, moisture. The present studies gener- 
ally confirm these findings. Moreover, evidence of deterioration was 
found in samples with a mild degree of mold infection such as is likely 
to occur in commercial practice and at moisture levels as low as 12°. 
In addition it was clearly demonstrated that greater germ damage 
could be caused by a combination of high temperature and mold in- 
lection than by either factor alone. 

In the mold-infected samples stored at 38°C., 20°, germ damage 
appeared in 4 months; in contrast, the infected samples stored at 24°C. 
showed only a slight amount of germ damage after 12 months’ storage. 
This is in line with the findings of MacDonald and Milner (5), who 
showed that browning in wheat germ was promoted by elevated tem- 
peratures. It is quite possible that molds produce precursors for the 
browning reaction and that they may continue to produce these pre- 
cursors even at moisture contents too low for the molds to continue 
to grow. The browning reaction would then proceed at noticeable 
rates at adequate temperatures in the originally mold-invaded samples. 

The data clearly show the importance of molds in the deteriora- 
tion of grain stored at moisture contents as low as 12°). Although 
surtace-disinfected wheat stored at 38°C. for 8 months fell in viability 


to 3°, whereas the mold-inoculated sample fell only to 30°; viability, 


all other evidence of deterioration, including germ damage, was con- 
siderably higher in the mold-inoculated sample. 
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GRAIN STORAGE STUDIES. XXII. 
Influence of Oxygen and Carbon Dioxide Concentrations on Mold 
Growth and Grain Deterioration ' 


ANNE PETERSON, VERA SCHLEGEL, B. HUMMEL, L. S. CUENDET, 
W. F. Gepprs, aANp C. M. CHRISTENSEN 


ABSTRACT 


Subsamples of sound hard red spring wheat, 88° viable, conditioned 
to approximately 18°), moisture were stored at 30°C. in a respiration ap- 
paratus which allowed suitably humidified gas mixtures of known compo- 
sition to be passed through the grain at a controlled rate. Two series of gas 
mixtures were employed. One comprised mixtures of oxygen and nitrogen 
containing from 0.2 to 21.06) oxygen; the other contained 21°) oxygen and 
Varying quantities of carbon dioxide and nitrogen to provide carbon dioxide 
levels from 0.02 to 79.0°. by volume. 

Daily respiration trials and analysis of the wheats after 16 days’ storage 
showed that mold growth, germ damage, fat acidity, and respiration rate 
all gradually decreased as the oxygen concentration was lowered. Some mold 
growth occurred at 0.2°, oxygen but the wheat maintained its viability; a 
respiratory quotient of 8.8 indicated that anaerobic metabolism was taking 
place. As the oxygen concentration was increased, viability decreased and 
the sample aspirated with air was only 7°, viable after 16 days. 

In the presence of 21°) oxvgen, increasing levels of carbon dioxide had 
little effect on respiration rate until the concentration exceeded 13.8 to 
18.6°,, when a very sharp and marked inhibition of respiration, mold 
growth, and development of fat acidity occurred. At large carbon dioxide 
concentrations (50 and 79°,), the viability of the wheat remained high and 
there was little or no germ damage. 


In recent years, the possibility of preserving bulk grain by hermetic 
or air-tight storage has aroused widespread interest (11, 12, 15, 20, 24). 
The respiratory processes of the grain, with its associated molds (and 
sometimes insects), tend to deplete the oxygen supply and increase the 
carbon dioxide content of the interseed atmosphere; under sealed 
conditions a point would eventually be reached at which mold growth, 
insect development, and further spoilage of the grain would be in- 
hibited. The question arises whether the depletion of oxygen or the 
accumulation of carbon dioxide is the more important factor. 

Fungi are commonly regarded as being strictly aerobic, although 
there are several reports in the literature of certain species that will 
continue to grow, but at a greatly reduced rate, under low oxygen con- 
centrations (10, 13, 19, 23). The investigations of Bottomley et al. (3) 
revealed that nearly anaerobic conditions (0.1°% oxygen) failed to pre- 

' Manuscript received August 26, 1955. Contribution from the Department of Agricultural Biochemistry 
and Department of Plant Pathology and Agricultural Botany, Institate of Agriculture, University of Min- 
nesota, St. Paul, Minnesota. Paper No. 3401 of the Scientific Journal Series. The data in this paper are 
taken in part from theses presented to the Graduate School of the University of Minnesota by Vera 


Schlegel and Anne Peterson, in partial fulfillment of their requirements for the M.S. degree in September 
1954 and March 1955 respectively. 
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vent the growth of all mold species present on corn but greatly reduced 
their sporulation. In general, carbon dioxide has been shown to in- 
hibit mold growth (4, 5, 6), but several investigators have reported that 
low concentrations of this gas have a stimulating effect (9, 10,22). In 


studying the respiration of soybeans containing 19.1°) moisture, Mil- 


ner and Geddes (18) did not observe any respiratory inhibition until 
the carbon dioxide content of the interseed atmosphere reached 12 to 
14°... Similar studies with wheat (17) indicated that the respiration of 
this grain at elevated moisture levels was somewhat more sensitive to 
carbon dioxide than that of soybeans. 

The present study was undertaken to determine, independently, 
the effect of various oxygen and carbon dioxide concentrations upon 
the growth of molds and on the respiration, viability, fat acidity, and 
development of germ damage in damp wheat. 


Materials and Methods 


Subsamples of sound hard red spring wheat (Henry), 88°; viable, 


conditioned to approximately 18°, moisture, were stored at 30°C. in 
an apparatus which allowed suitably humidified gas mixtures of 
known composition to be passed through the grain at a controlled 
rate. Two series of gas mixtures were employed; one comprised mix- 
tures of oxygen and nitrogen containing from 0.2 to 21.0°; 


oxygen by 
oxygen by volume and varying 


) 


volume, and the other contained 21°; 
quantities of carbon dioxide and nitrogen to provide carbon dioxide 
levels from 0.02 to 79.0°% by volume. 

Apparatus for Determination of Respiratory Rate. At first, the ap- 
paratus constructed by Milner and Geddes (18) was used, which pro- 
vides for the simultaneous measurement of oxygen consumption and 
carbon dioxide production under conditions of continuous aeration. 
Air is drawn through a humidifying solution, a sample of grain, and 
a spirometer respectively by means olf leveling bulbs connected to the 
spirometer containing a solution of saturated calcium chloride. The 
respired gaseous mixture is then analyzed for carbon dioxide and 
oxygen content with the Haldane-Henderson apparatus. For the pres- 
ent study the various gas mixtures were purchased in cylinders, and 
difficulties were encountered in regulating the gas flow through the 
grain. Also, a saturated solution of calcium chloride was unsuitable 
for use in the spirometers, as carbon dioxide, in particular, was ap- 
preciably soluble in this solution and thus caused a change in the 
composition of the gases employed. In addition, significant amounts of 
carbon dioxide were lost through the rubber-tubing connections. These 


effects were particularly noticeable with gas mixtures containing high 
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percentages of carbon dioxide. It was therefore necessary to construct 
a new apparatus which would not have the limitations described 
above. 

A diagrammatic sketch of the apparatus is shown in Fig. 1. 


IL 


to GAS TANK 


Fig. 1. Diagrammatic sketch of apparatus used to determine the respiratory rate of wheat at various 
oxygen and carbon dioxide concentrations. A, spirometer for gas supply; B and C, gas line and stopcock 
to connect system to gas supply; D and J, leveling bulbs; E, gas line; F, humidifying solution; C, respi- 
rometer vessel containing wheat; H, spirometer for receiving gas from respirometer; K and L, stopcock 
and gas line for withdrawing gas sample. 


In order to pass the gaseous mixtures at a uniform rate and con- 
stant pressure through the wheat, two leveling bulbs suspended on the 
same cogwheel and two spirometers were used for each sample of seed 
tested. Mercury was used in the spirometers and leveling bulbs, and 
because of its high density the dimensions of the apparatus had to be 
considerably reduced. The volume of each spirometer was scaled down 
from 2000 ml. to 250ml. and the weight of seed tested from 185g. to 
25g. To suspend the heavy leveling bulbs, bicycle chains and cog- 
wheels were used. 

Most of the rubber tubing was replaced by capillary glass tubing, 
and where flexible connections were essential tygon tubing was used 
as it is practically impermeable to carbon dioxide, oxygen, and nitro- 
gen. The respirometer vessels were designed with ground-glass joints 
to eliminate the danger of gas leakage. These containers were also pro- 
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vided with mercury traps (Fig. 2), so that the mercury of the receiving 
spirometers (H, Fig. 1) could never get in contact with the seeds. The 
humidifying solution (5 ml. of 22°, sulfuric acid) to maintain 18°, 
moisture was placed in a container, G, designed to prevent any loss of 
gas. The respirometer vessel and container for the humidifying solu- 


tion are shown in Fig. 2. 


Fig. 2. Respirometer with mereury trap and container for the humidifving solution 


The principle of operation is as follows: A sample of the gas mix- 
ture is drawn into spirometer A, through side tube B and stopcock C, 
by lowering the leveling bulb D. The stopcock C is then turned so as 
to connect the spirometer A with line E, and the gas mixture is passed 
through the seed in the respirometer vessel G. The humidifying solu- 
tion, as well as the seed sample, are maintained at constant tempera- 
ture (30°C.) in a thermostatically controlled water bath. A uniform 
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rate ol gas flow through the humidifying solution F and the seed sam- 
ple is maintained by gradual ascent of mercury in spirometer A and 
corresponding mercury descent in spirometer H. The gas mixture is 
moved regularly from spirometers A and H by the slow ascent and 
descent of straight-sided leveling bulbs D and /, fastened by set-screws 
to a lineshaft which is driven at constant speed by a synchronous 
motor. The number of revolutions per hour of the cogwheel can be 
adjusted so that from 100 to 1000 ml. of gas can be passed through 
the seed in 24 hours. When sufficient respired gas is accumulated in 
spirometer H, a sample can be withdrawn for analysis through stop- 
cock K and line L by raising leveling bulb J. To begin the next trial 
the balance of the gas in spirometer H is discharged to the atmosphere 
and spirometer A is filled with a new charge of the gas mixture. 

The lineshaft served to control six individual respirometer systems, 
thus permitting the simultaneous testing of six seed samples in one 
constant-temperature bath. 

Analytical Methods. Samples of respired gas were collected daily 
for 14 to 20 days and analyzed for oxygen and carbon dioxide. All 
samples containing less than 30°, of carbon dioxide by volume were 
analyzed in a Haldane-Henderson apparatus according to the method 
olf Peters and Van Slyke (21); those containing higher levels were an- 
alyzed in the Van Slyke apparatus. The results were expressed as mg. of 
carbon dioxide produced by 100g. of dry seed in 24 hours. The average 
respiratory quotients were also computed. 

Moisture contents were obtained by the two-stage air-oven meth- 
od (1). 

Viability of the kernels before and after the respiration trials was 
determined by incubating 100 seeds in Petri dishes between sheets of 
wet filter paper at room temperature and counting the number of 
kernels which had normal sprouts in 5 to 7 days. 

Germ damage was determined by the Grain Inspection Division, 
U.S. Marketing Service, Minneapolis. 

Mold counts were made according to Christensen (8) by grinding 
the seed in a Wiley mill and culturing the resultant meal in malt- 
salt-agar for 5 to 7 days at room temperature (20°-25°C.). 

To determine the percentage of seeds in which internal molds 
were present, 50 seeds were washed in running tap water, then surface- 


disinfected by washing in a 1.5°% solution of sodium hypochlorite for 
2 minutes (to eliminate any contaminants acquired from the tap water 
or from the air), placed on agar in Petri dishes, and incubated at room 
temperature. Colonies were counted after 5 to 7 days. Moisture de- 


terminations were made by the two-stage air-oven method (1). 
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Fat acidity was determined on the lipids obtained trom 3.0. of the 
ground wheat (micro Wiley mill, No. 20 sieve) by successive extrac- 
tions with absolute ethanol and diethyl ether for 4 hours. The extracts 
were combined and the solvent evaporated in a nitrogen atmosphere 
under reduced pressure. The residual oil was dried and the tree tatty 
acids determined according to the method of Ames and Licata (2), as 
modified by Hunter et al. (14). The lipids were dissolved in a mixture 
of benzene and isopropanol (1 + 1 by volume) and titrated with 0.01 N 
potassium hydroxide solution in isopropanol. The free fatty acids 
were expressed as mg. of potassium hydroxide per 100g. of wheat on 
a 14°) moisture basis. 


Results 


Lfjects of Oxygen Concentration, The mold counts tor different 
species of molds found in the wheat after it was exposed to various 
oxygen concentrations and zero carbon dioxide concentration for 16 
days are recorded in Table I. The sample exposed to air (20.6°, 
oxygen) had the highest mold count and the mold population de- 
creased gradually as the oxygen concentration was lowered. However, 
there was significant mold growth even in the sample aspirated with 
tank nitrogen (0.2°) oxygen). The data indicate that Aspergillus glau- 
cus will survive at lower oxygen concentrations than Penicillium and 
A. flavus. 

The viability of the wheat aspirated with 0.2°, oxygen was 86°, 
alter storage for 16 days at about 18°, moisture, but the presence of 


PABLE I 


OF OXYGEN CONCENTRATION ON POPULATION AND DisrRipuTION 
IN Wueartr Srorrep 16 Days at I8 Percent Motsture axnp 30°C. 


Assay 


OX YCEN 
Mold Count Mold Species 
or molds/g 
02 7,000 Aspergillus glaucus 
23 192,000 Penicillium 
288 000 A. glaucus 
1.5 100,000 Penicillium sp. 
800,000 A. glaucus 
100,000 A. flavus 
8.0 100,000 Penicillium 
560,000 A. glaucus 
206 680,000 Penicillium 
390,000 A. glaucus 
56,000 A. flavus 


| 


Jan., 1956 ANNE PETERSON ET AL. 59 


only 2.4°, oxygen was sufficient to lower the viability to 38°, (Fig. 3). 
Additional increases in oxygen concentration produced further de- 
creases in viability and the sample aspirated with air was only 7% 
viable. Germ damage was directly related to the oxygen concentra- 
tion (Fig. 3). The wheat exposed to air contained 80°; germ-damaged 
kernels at the end of the trial, whereas no damage could be detected 


in the sample kept under 0.2% oxygen. 
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Fig. 3. Effect of oxygen concentration on viability and germ damage of wheat incubated 16 days 
at 30°C. and 18% moisture. The gas mixtures did not contain carbon dioxide. 


The changes in respiratory rate with oxygen concentration (Figs. 
1 and 5) paralleled the changes in mold count. Production of carbon 
dioxide was at a maximum in the sample which respired in air and 
decreased gradually with reduced oxygen concentration. However, 
even with only 0.2°% oxygen in the gas mixture, respiration was not 
completely halted. A high respiratory quotient (8.8), indicative of 
anaerobic metabolism, was observed in this case. 

The trends observed in the fat acidity values were essentially the 
same as for mold population and respiration (Fig. 5). The samples 
stored under high oxygen concentrations were high in fat acidity and 
declined gradually with a decrease in oxygen concentration. 

Effects of Carbon Dioxide Concentration. The gas mixtures in 
which the carbon dioxide concentration was varied all contained ap- 
oxygen. When the carbon dioxide concentration was 


proximately 


increased from 0.02 to 12.2°% there was a slight increase in mold count 
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Fig. 4. Effect of oxygen concentration on the respiration rate of wheat incubated at 30°C. 


and 18% 


moisture. Respiratory rate is expressed as mg. of carbon dioxide per 100 g. dry matter per 24 hours. The 
gas mixtures did not contain carbon dioxide. 
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Fig. 5. Effect of oxygen concentration on the mean daily respiration rate and fat acidity of wheat 


after incubation for 16 days at 


40°C. and 18% moisture. Respiration rate is expressed as mg. of carbon 


per 100g. dry matter per 24 hours. 
of wheat on a 14% 
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(Fig. 6). When the concentrations were further increased there was a 
very sharp decrease in mold growth. With 50.0 and 79.0%, carbon di- 
oxide, mold growth was almost completely inhibited. The percentage 
of infested seeds and types of molds present (Table II) indicate that 
Aspergillus glaucus is more resistant to high carbon dioxide concentra- 
tions than other molds such as A. flavus, A. candidus, Alternaria, and 
Penicillium spp. (Table 1). 


MOLD COUNT / MG 
8 


4 1 
20 40 80 


aor 


10 
CARBON DIOXIDE,% 


Fig. 6. Effect of carbon dioxide tension on mold count (colonies per mg.) of wheat incubated 20 
days at 30°C. and 18°, moisture. The gas mixtures contained 21% oxygen. 

Increases in carbon dioxide concentration had no apparent influ- 
ence on viability until the concentration was between 18.5 and 50.0%, 
when further increases resulted in higher viability (Fig. 7). Germ dam- 
age decreased gradually as the carbon dioxide concentration increased. 
However, the samples stored in 79% carbon dioxide showed no in- 
crease in germ damage during incubation. 

The effect of carbon dioxide concentration on respiration of the 
wheat and accompanying molds is shown by daily respiratory rates 
(Fig. 8) and by the average daily rates over the 18-day trial (Fig. 9). 
Although a carbon dioxide concentration of 4.3% had a slight accel- 
erating influence on respiration, there was no marked effect at levels 
below 13.8%. However, when the concentration exceeded 18.6%, the 
respiratory rate decreased very sharply and there was no measurable 
respiration in the presence of 50 and 79% carbon dioxide. 

The average respiratory quotients decreased from a value of 1.0 
for the wheat which respired in air to 0.55 for carbon dioxide con- 
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TABLE Il 


oN Motp Growrnu or STORING WHEAT CONTAINING 18 PeRCcENT Motsrurt 
ar 5O°C., av Various CARBON Dioxipe CONCENTRATIONS IN THE 
PRESENCE OF 21 PeRceENT 


CARBON INTERNALLY INFESTED M 
CONCENTRATION OLD SPECIES 
« 
0.02 100 Aspergillus glaucus 
10 Penicillium sp 
1 A. flavus 
14 86 4. glaucus 
24 4iternaria 
5 Penicillium sp 
1.3 86 Aspergillus glaucus 
36 Alternaria 
14 Aspergillus candidus 
1 Penicillium sp. 
12.2 97 Aspergillus glaucus 
Alternaria 
7 Penicillium sp 
13.8 96 Aspergillus glaucus 
14 Alternaria 
7 Penicillium sp. 
l Aspergillus flavus 
18.6 100 A. glaucus 
15 Penicillium sp 
8 Alternaria 
4 Aspergillus flavus 
50.0 13 A. glaucus 
33 Alternaria 
79.0 35 Aspergillus glaucus 
"The values show the percentage of kernels infested with each species and hence may total more 


than 100%. 


centrations of 13.8 to 18.6°%. The decrease in respiratory quotient 
when mold growth is inhibited has been noted previously in these 
laboratories (17). 

The trends in fat acidity closely followed the changes in mean daily 


respiration rate (Fig. 9). 


Discussion 


Independent changes in the oxygen and carbon dioxide concentra- 
tions under which wheat is held at a moisture content and temperature 
favorable for mold growth had quite marked but different effects on 
the various properties studied. Decreasing the oxygen concentration 
in the absence of carbon dioxide progressively retarded mold growth, 
losses in viability, respiration, development of fat acidity, and germ 
damage. There was a close relation between mold count and the other 
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Fig. 7. Effect of carbon dioxide concentration on viability and germ damage of wheat incubated 20 
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Fig. 8. Effect of carbon dioxide concentration on the respiration rate of wheat incubated at 30°C. 
and 18% moisture. Respiratory rate is expressed as mg. of carbon dioxide per 100 g. dry matter per 24 


hours. The gas mixtures contained 21% oxygen. 
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Fig. 9. Effect of carbon dioxide concentration on the mean daily respiration rate and fat acidity of 


wheat after incubation for 18 days at 30°C. and 18% moisture. Respiration rate is expressed as mg. of 
arbon dioxide per 100 g. dry matter per 24 hours. Fat acidity is expressed as mg. of potassium hydroxid« 
per 100 ¢. of wheat on a 14% moisture basis. The gas mixtures contained 21% oxygen. 


properties, which supports the view that the growth of various molds 
is a primary factor in the deterioration of stored wheat. Respiration 
rates and fat acidity values are quite good indexes of the extent of 
mold growth which has occurred. It is noteworthy that an oxygen con- 
centration of 0.2°% did not completely inhibit mold growth or res- 
piration; at this low oxygen concentration, a high respiratory quotient 
indicative of anaerobic metabolism was observed. The better retention 
of viability and the much lower development of germ damage at this 
low oxygen concentration are not in accord with the view that germ- 
damaged or “sick” wheat results from storing wheat of high moisture 
content under anaerobic conditions (7, 16). 

The magnitude of the effects of changes in carbon dioxide concen- 
tration on mold growth and the various properties of wheat is in 
striking contrast to that observed with changes in oxygen concentra- 
tion. Gas mixtures containing the amount of oxygen normally present 
in the air had little influence on mold growth and biochemical proper- 
ties until the carbon dioxide concentration was increased to the 
range of 13.8 to 18.6°%, above which there was very marked inhibition 
of mold growth, of respiration, and of development of fat acidity. 
Higher concentrations of carbon dioxide were required to reduce the 


rate of loss in viability and to decrease the extent of germ damage 
than to retard mold growth. 
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Although further studies with gas mixtures containing various con- 
centrations of oxygen and carbon dioxide are necessary, these observa- 
tions appear to be of considerable practical significance in relation to 
grain storage. In the hermetic storage of damp grain, the decrease in 
oxygen concentration and the accompanying increase in carbon di- 
oxide content of the interseed atmosphere, as a result of the respira- 
tion of the grain and associated microorganisms, will inhibit mold 
growth and thereby greatly retard deterioration. However, the ob- 
servation that anaerobic metabolism occurs when the oxygen becomes 
nearly depleted leads to doubt whether damp wheat destined for 
human food can be stored in this manner, as the fermentation changes 
would produce by-products with undesirable odors and flavors. Anaer- 
obic conditions will not prevent fermentation due to yeasts, and ex- 
periments are needed to determine the combined effect of low oxygen 
and high carbon dioxide concentrations on the growth of micro- 
organisms. 
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THE INTRINSIC VISCOSITIES OF THE WATER-SOLUBLE 
COMPONENTS OF WHEAT FLOUR’ 


DoyLe C. Upy? 


ABSTRACT 


Viscosity, measurements on the water extracts of several wheat flours 
have shown that about 95°; of the intrinsic viscosity of the extract is due 
to the polysaccharides present. The intrinsic viscosity of the soluble pro- 
teins was estimated by an indirect calculation, and they contribute the re- 
mainder of the intrinsic viscosity to the extract. 

Ihe polysaccharides and proteins are present in approximately equal 
amounts and constitute about 40°; of the total solids. The remainder of the 
solids are constituents of low molecular weight which contribute very little, 
if at all, to the viscosity of the extract solution. 

\ large variation in both size and amount of soluble polysaccharides 
was found among many pure wheat varieties of widely differing protein 
content and growth environment. Single varieties were fairly consistent in 
these properties, and some correlation is evident between these properties 
and cookie diameters used in quality testing. 


It has been shown (8) that the gluten proteins from different varie- 
ties have equal intrinsic viscosities* when dispersed in dilute acetic 
acid along with a very small amount of thioglycolic acid. Yet similar 
measurements have indicated that large viscosity differences exist in 
dilute acetic acid extracts of dispersible flour components from differ- 
ent wheat varieties at equal protein concentrations (see Fig. 1). It is 
reasonable to expect, therefore, that the water-soluble proteins or 
some other component, or both, are responsible for the viscosity dif- 
ferences observed in whole flour extracts. The measurements reported 
in this paper show the relative contribution of the soluble proteins 
and other water-soluble constituents to the over-all viscosity of aque- 
ous extracts of flour. 


Materials and Methods 


Many pure varieties of Pacific Northwest wheats, grown in different 
locations and under different climatic conditions, served as an ample 
source for selection of samples. Straight-grade flours from these wheats, 
obtained with a Buhler mill, were used in all the experiments. 


! Manuscript received June 24, 1955. Contribution from the Western Wheat Quality Laboratory, De- 
partment of Agricultural Chemistry, Washington Agricultural Experiment Stations, State College of Wash- 
ington, and the Field Crops Research Branch, Agricultural Research Service, U. S. Department of Agri- 
culture. Scientific Paper No. 1413, Washington Agricultural Experiment Station, Pullman. 

2 Associate Chemist, Field Crops Research Branch, Agricultural Research Service, U. S. Department 
of Agriculture, Pullman, Washington. 

®Intrinsic viscosity is defined as (In nr) /c, where ln nr is the natural logarithm of the rela- 
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tive viscosity, and « is the concentration of solute in g¢ 100 ml of solution. 
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Several procedures were attempted in the preparation of suitable 
samples for viscosity measurements. Pence and Elder (5) prepared solu- 
ble proteins by fractional precipitation with ammonium. sulfate. 
Although protein samples fairly free of polysaccharides were obtained 
by this technic, much uncertainty remained as to whether they were 
representative. These uncertainties arose from the fact that a con- 
siderable quantity of the originally soluble protein was lost in the 
fractionation procedure. Denaturation of protein during dialysis plus 
that remaining in solution with the polysaccharides accounted for the 
major protein losses. 

Adsorption of the proteins on an activated clay, as used by Pence 
et al. (6) lor recovery of pentosans, proved useful for estimating the 
intrinsic viscosity of soluble proteins by an indirect approach. Also, 
by this scheme the intrinsic viscosity of the polysaccharides could be 
measured directly. These intrinsic viscosity values provided a check 
for measurements made by another procedure which involved the 
direct precipitation of both proteins and polysaccharides. The tollow- 
ing is a detailed description of the technics which were used. 

Removal of Proteins by Adsorption. A 50-g. sample of flour in 200 
ml. of distilled water was agitated in a Waring Blendor for 4 minutes, 
and the extracted solubles recovered by centrifuging. The extract was 
made 0.05N with respect to acetic acid prior to heating. This prevent- 
ed the protein from precipitating out. Heating in a vented, stoppered 
test tube for 15 minutes in boiling water virtually stopped all enzyme 
activity. Unless deactivated, these enzymes cause moderately fast degra- 
dation of both proteins and polysaccharides. The solids concentration, 
along with the flow time through a Ubelohde Viscometer, was meas- 
ured on an aliquot of the original solution and on subsequent dilu- 
tions of it. The original extract had approximately 1%, total solids in 
solution. From these measurements the intrinsic viscosity was deter- 
mined as described in an earlier report (8). 

Special Filtrol* was added to the remaining solution in the amount 
of 6 g/100 ml. Shaking the solution with added Filtrol for approxi- 
mately 30 minutes before centrifuging effectively removed about 85°; 
of the total nitrogen. The intrinsic viscosity of the constituents left 
in this centrifuged solution was then determined. This value was used 
in conjunction with the intrinsic viscosity, determined before removal 
of any protein, to calculate the intrinsic viscosity of the protein by the 
following equation: n 

[n] = 
i 


activated clays marketed by the Filtrol Corporation, Los Angeles 


‘Special Filtrol is one of severa 
California 


. 
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where |}; is the intrinsic viscosity of fraction i and w, is its weight 
fraction. The summation is made over all n fractions. A fraction may 
include any amount or number of individual constituents. In the 
computation of the intrinsic viscosity of protein, all constituents ex- 
clusive of the removed protein constitute one fraction; the removed 
protein constitutes the other fraction. This equation is used for frac- 
tionated high polymers (4), and its validity has been demonstrated 
here with independent and combined samples of gluten protein and 
polysaccharides. Values measured directly on the combined fractions 
are in good agreement with the values calculated from the foregoing 
equation. 


(Wt. Fraction) (Wt. Fraction) (Measured) (Calculated) 
0.0 1.0 1.30 
1.0 0.0 0.19 
0.362 0.638 2.68 2.81 
0.604 0.396 1.78 1.81 
0.909 0.091 0.55 0.56 


The next step was to dialyze the Filtrol-treated solution for 4 days, 
which removed essentially all of the components of low molecular 
weight. The intrinsic viscosity of the soluble polysaccharides was de- 
termined from this dialyzed solution after correction for the small 
amount of protein (N x 5.7) remaining. 

An alternative to the dialysis step, for eliminating the components 
of low molecular weight, was to precipitate the polysaccharides and 
remaining protein with acetone. This was accomplished by adding 
two volumes of acetone to one volume of Filtrol-treated extract. The 
resulting precipitate, now free from low-molecular-weight components, 
was redissolved in distilled water and the intrinsic viscosity of the 
polysaccharides in the solution determined. A small correction is again 
required for the remaining protein. Agreement with the dialysis 
technic was satislactory (Table 1). 

Direct Precipitation of Proteins and Polysaccharides. The proce- 
dure used for determining the intrinsic viscosity of the polysaccharides, 
as recorded in ‘Table II, is more indirect than the method described 
above. Alter the acidified extract was heated and its intrinsic viscosity 
and nitrogen content were determined, the polysaccharides and _pro- 
tein were precipitated directly by adding two volumes of acetone to one 
volume of extract. The precipitate was dried and weighed, and the 
amount of protein (N x 5.7) left in the supernatant determined. The 
nonprotein nitrogen in the original aqueous extracts of flour varied 
from 2 to 5%, of the total nitrogen. Nearly half of the nitrogen re- 
mained in the supernatant liquid, indicating that these proteins have 
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a rather low molecular weight. From these data the percent of poly- 
saccharides, proteins and low-molecular-weight constituents in the 
original extract were calculated. A small correction for the contribu- 
tion of protein to the over-all intrinsic viscosity permitted calculation 
of the intrinsic viscosity of the polysaccharides by use of the equation 
cited previously. A value of 0.20 for the intrinsic viscosity of soluble 
protein was used in calculating the intrinsic viscosity of the polysac- 
charide fraction by the direct precipitation method. 


Results and Discussion 
A comparison of the values obtained by the protein adsorption and 


direct precipitation technics is given in Table 1. 


PABLE I 


INTRINSIC Viscosities OF POLYSACCHARIDES AS BY DIFFERENT 
PROCEDURES AND OF THE SOLUBLE PROTEINS BY A SINGLE [INDIRECT CALCULATION 


PoLysaccHanipe Fraction 


: Acetone (CALCULATED) 
Dialysis Precipitation Precipitation 

Idaed SW 2.8 2.8 0.26 
2.5 O15 

Rio HRW 1.1 1.3 0.22 
1.1 

Golden SW 2.4 2.8 0.20 

Kharkof HRW 3.8 3.7 4.1 O15 

1.0 
Club 2.7 3.1 3.3 0.24 


The agreement in intrinsic viscosity obtained by direct precipita- 
tion, as compared with the other procedures, is sufhciently satisfactory 
to warrant its use for comparing soluble polysaccharide fractions ob- 
tained trom several different varieties of wheat. Results of measure- 
ments made by this procedure are recorded in Table II. 

Although the intrinsic viscosity of the soluble proteins, as calcu- 
lated by the foregoing indirect procedure, is not accurate enough to 
make comparisons among varieties, it does sufhce to give an approxi- 
mate value. When gluten is dispersed in dilute acetic acid in the 
presence of a small amount of reducing agent, it has an intrinsic vis- 
cosity of 0.19 (8). As shown in Table I, the intrinsic viscosity of the 
soluble proteins, calculated by the indirect method outlined above, 
varied from 0.15 to 0.26. Since these soluble proteins are considered 
to be lower in molecular weight than gluten, these values would ap- 
pear reasonable. Accuracy is limited by the fact that the soluble pro- 
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Wear W wear Filtrol-Treated Direct Prorein Fraction 
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teins contribute only about 6° of the over-all intrinsic viscosity of the 
water-soluble extract of flour. 

The most interesting results were obtained in the determination 
of the intrinsic viscosity of the soluble polysaccharide fraction of sev- 
eral flours, milled from varieties containing various flour protein levels. 
The data are in Table H. 


TABLE Il 


DISTRIBUTION OF COMPONENTS IN WATER-SOLUBLE EXTRACTS OF FLOUR AND THE 
INTRINSIC VISCOSITY OF THE POLYSACCHARIDE FRACTION FOR SEVERAL VARIETIES 


Wear Prorein Proreins | DiaLyzasies 


V AmIETY Tyre is Fiour IN in Extract x 
or o or 
Rio HRW 65 23.1 18.4 58.5 1.4 1.02 
8.1 23.6 17.6 58.8 1.4 1.04 
95 28.3 16.6 55.1 41.5 1.22 
13.2 26.8 22.9 50.3 14 1.18 
Kharkof HRW 6.6 24.6 20.0 554 1 1.01 
7.8 22.5 19.6 57.9 $9 O.87 
12.9 23.7 24.7 51.6 4.3 1.02 
Wasatch HRW 94 22.0 17.5 605 29 0.64 
13.1 23.4 26.8 19.8 3.8 0.87 
12.0 21.5 23.9 54.6 3.0 0.65 
— SW 5.7 18.0 24.5 57.5 2.8 0.50 
5$ 16.2 17.0 66.8 2.9 0.47 
10.9 16.7 25.2 58.1 29 0.49 
Golden sw 6.1 17.3 22.4 60.5 2.8 0.48 
65 17.1 19.5 63.4 3.1 0.53 
11.6 17.7 26.8 55.5 3.3 0.59 
Rex sw 74 18.7 21.6 59.7 29 0.54 
12.0 14.3 17.5 68.2 2.7 0.39 
12.9 16.4 27.1 56.5 3.2 0.53 
Elma Club 59 20.5 23.7 55.8 3.3 0.68 
6.6 19.4 20.9 59.7 2.8 0.55 
12.5 20.5 30.1 19.4 3.7 0.77 
Elgin Club 8.2 18.5 210 60.5 2.8 O52 
Marfed SW 73 21.1 211 57.8 3.5 0.74 
Awned 
Onas SW 93 19.5 25.4 57.1 $2 0.62 
Baart sw 8.1 19.1 22.6 58.3 3.3 0.63 


Idaed SW 8.1 18.7 26.8 54.5 2.8 0.52 


® Intrinsic viscosity of the polysaccharide fraction. 
© Product of the weight fraction and intrinsic viscosity of polysaccharides in the original extract. Re- 
ferred to as viscosity index in the text, 


The intrinsic viscosity value for the polysaccharides is 15- to 20-fold 
larger than for the soluble proteins. It is readily apparent that the 
polysaccharides dominate the viscosity differences referred to in the 
introduction and portrayed in Fig. 1. The greater relative amount 
and size of soluble polysaccharides in Rio flour account for the in- 
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creased viscosity over that of Elgin flour. On the other hand, the 
proteins of each variety contribute equally at a given protein con- 
centration. The total proteins contribute about one-third of the total 
intrinsic Viscosity. 
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PROTEIN CONCENTRATION, (GR /IOOML) 
Fig. 1. Dependence of relative viscosity on protein concentration. Curves 1 and 2 are for dispersed 
proteins and other soluble components of flour from Rio and Elgin varieties, respectively, in a 0.05M 


acetic acid 0.005M thioglycolic acid aqueous solvent. Curve 3 is for dispersed gluten from any 
variety in the same solvent system (taken from reference 8). 


Salts and other components of low molecular weight comprise 
about 60°) of the total soluble solids. They do not, however, contrib- 
ute to the intrinsic viscosity. This is somewhat surprising in view of 
experimental results associating flour paste viscosity with ash content 
(2, 3). A possible explanation for these results may be primarily in the 
method of viscosity measurement itself. Viscosities of acidulated flour 
suspensions are unstable and exhibit thixotropic properties. It is rea- 
sonable to expect, and Bresson and Barmore have shown (2), that ash 
and protein exert considerable effect on viscosity and are undoubtedly 
responsible for part of this unstable structural viscosity. On the other 
hand, the intrinsic viscosities, as measured here, are determined from 
dispersions or solutions having stable viscosities, and the over-all in- 
trinsic viscosity of a flour extract is the sum of the products of intrinsic 
viscosity and weight fraction for each individual component. The pres- 
ence of any one component or a combination of components does not 
influence the contribution of a given component to the over-all solu- 
tion Viscosity. 

Dispersions of flour in water and lactic acid exhibit unstable struc- 
tural viscosities (as measured in MacMichael units) as much as tenfold 
greater than can be accounted for by the dispersed proteins and poly- 
saccharides. These tacts must be explained by other phenomena. The 
soluble polysaccharides account for approximately two-thirds of the 
normal stable intrinsic viscosity of flour extracts, and the dispersed 
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soluble and gluten proteins supply the remaining one-third. This is 
even more impressive when it is recalled that an average flour of 10°, 
protein content has only about 1°% soluble polysaccharides. 

Another common observation is the positive relation between ash 
content and the viscosity of acidified dispersions of different mill 
streams. This may possibly be explained by the physical association of 
inorganic substances with soluble polysaccharides within the varied 
layers of the wheat kernel. For example, a specific area of the kernel 
which accumulates in a single mill stream may be high in both ash and 
soluble polysaccharides. Also, the amount of polysaccharides that will 
be soluble is related to the extent and degree of grinding. 

It is significant to note that the intrinsic viscosity of a polysaccha- 
ride extract of wheat flour prepared and measured by Perlin (7) was 
3.4. This extract was made up of both hexosans and pentosans and 
should be comparable to the soluble polysaccharide extracts described 
here. 

Some significance should probably be attached to the fact that the 
bread type varieties Rio and Kharkof have a high viscosity index, as 
shown in the last column of Table I. These varieties produce cookies 
of very small diameter. The cookie or soft types, on the other hand, 
have a low viscosity index. Cookie diameters for several of the varieties 
used in this study have been repeatedly measured and show a fairly 
close relation with the viscosity index. Yamazaki (9) recently has shown 
a high correlation between cookie diameters and alkaline water reten- 
tion capacity. Although proteins imbibe considerable water, differences 
in the water uptake of a good and a poor cookie flour at the same pro- 
tein level are presumably the result of differences in amount and size 
of the polysaccharides which imbibe water. The degree of swelling o1 


solvent uptake in high polymers is related to their size and structure. 

The protein content of the flour does not appear to affect either 
the amount of soluble polysaccharides present or their size. This is 
shown by the constancy of the intrinsic viscosity value within a given 
variety. Consequently, the average size of the soluble polysaccharide 


molecules is a specific varietal characteristic. The tendency for greate1 
or lesser amounts of soluble polysaccharides to be extracted from 
wheat flours also follows varietal types rather closely. 
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RELATIONS BETWEEN WHEAT PROTEIN CONTENT, 
LOAF VOLUME, EXPANSION VOLUME, AND 
SEDIMENTATION VALUE. L. 

Plant Breeders’ Samples ' 


R. H. Harris L. D. 


ABSTRACT 


Protein content, expansion volume, sedimentation value, and loaf vol- 
ume were determined for 50 wheat hybrids grown in Mexico and 55 grown 
in North Dakota. In the Mexican series, the closest correlation with loaf 
volume was obtained with sedimentation value (0.78**), followed by expan- 
sion volume (0.60**) and protein content (0.54**). Partial correlation coefhi- 
cients with loaf volume, independent of protein content, were 0.70* * for sedi- 
mentation value and 0.66** for expansion volume. For the North Dakota 
series, which were of much higher baking strength, the only significant 
correlation was a negative one between loaf volume and protein content. 
When flours from the North Dakota series were baked with an equal part 
of soft flour, a significant correlation was obtained only for loaf volume 
and sedimentation value (0.60**). Expansion volumes, and especially sedi- 
mentation values, may have some use for screening promising materials 
from collections of hybrid lines of widely varying genetic origin. 


This study was initiated to discover whether a series of wheat 
samples differing widely in protein content and baking strength could 
be at least partially evaluated in respect to loaf volume by their ex- 
pansion volume (3,4) or their sedimentation value (6). If so, the num- 
ber of samples requiring baking might be reduced by discarding those 
! Manuscript received May 26, 1955, Published with the approval of the Director, North Dakota 


Agricultural Experiment Station, Fargo, North Dakota. 
* Department of Cereal Technology, North Dakota Agricultural Experiment Station. 
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samples with low expansion or sedimentation values and baking only 
the remainder with resulting economy in time and material. 


Materials and Methods 


The wheats used were two series of plant breeders’ samples which 
were submitted for milling and baking quality tests by micro methods 
(1,5); one consisted of 50 samples grown in Mexico and the other of 
55 samples of hard red spring wheat from a North Dakota nursery. 
Both series contained hybrids of markedly diverse parentage and the 
Mexican series, as expected, proved to be more variable in quality 


than nursery or plot samples which have passed preliminary quality 
tests. The North Dakota series was generally much higher and less 
variable in baking strength than the Mexican, although they were still 
in an early stage of selection. 

The flours were baked by the malt-phosphate-bromate formula with 
3 hours’ fermentation and 25g. of flour (2). A National micro mixer 
was used for mixing. For the hard red spring series a blend of 50% 
by weight of soft wheat flour of 8.6°% protein content was also baked 
in an attempt to bring out the potential strength of these high-protein 
samples. Only 45 residues from the hard spring samples were avail- 
able for these blend bakings. 

The procedure for the expansion test was that described by Miller, 
Edgar, and Whiteside (4), except that 10g. instead of 5g. of flour 
were mixed with the micro mixer, and the resultant dough divided in- 
to equal halves by weight. Absorptions were as used for baking. Sedi- 
mentation values were obtained as described by Zeleny (6) with special 
attention to shaking technic. 


Results 


‘Table I shows the means, the standard deviations of the population, 
and the coefficients of variation for the different analytical data ob- 
tained on the two series of hybrid wheats. All the values were markedly 
lower for the Mexican wheats, particularly the sedimentation results, 
than for the hard spring wheats. However, the variability was much 
higher for the Mexican series. Blending the hard red spring flours 
with 50° soft wheat reduced the mean loaf volume 45 cc., and the 
coefhicient of variation from 9.6 to 7.0%. 

Table Il provides information on the relationships between the 
quality determinations for both series. The correlation coefficient be- 
tween wheat protein content and expansion volume, and that between 
wheat protein content and specific sedimentation value, were not sig- 
nificant. For the Mexican wheats, expansion volume appeared to be 
measuring the quality rather than the quantity of protein. While the 
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TABLE I 


STATISTICAL Data CALCULATED FROM THE Hysrip 


Wear Loar EXPANSION | SEDIMENTATION 
Proreis Votume Vo_tume Value 

Mexican wheats 

Mean 12.8% | 16lec.| 124 ml. 30.8 24 

Standard deviation | 20.51 3.22 9.60 0.64 

Coefficient of variation, ©, 13.4 134 | 300 31.2 26.7 
Hard red spring wheats, malt- 

phosphate-bromate method 

Mean 15.8%; | 225 cc. 18.0 ml. 60.8 

Standard deviation 0.77 21.66 1.86 7.50 

Coefficient of variation, “; 4.9 96 10.3 12.5 
Micro-blend method 

Mean 16.0% | 180cc. | 18.0 ml 61.0 ml 

Standard deviation 0.48 12.65 1.92 7.26 

Coefficient of variation, ©; 3.0 7.0 10.7 11.9 


remaining correlations were highly significant, none was sufficiently 
large to allow very accurate prediction of loaf volume. However, any 
method that will assist in removing from a large number of hybrid 
lines a proportion of lines having lower average quality than the re- 
mainder will enable the breeder to concentrate his efforts on the more 
promising material. 

Sedimentation value yielded the largest correlation coefficient with 
loaf volume, although not significantly higher than for expansion vol- 
ume and loaf volume. It was significantly higher than for wheat protein 
and loaf volume. Generally, the relations between expansion volume 


TABLE II 


CORRELATION COFFFICIENTS FOR THE Hysrip 


Harp Rep Seninc Wears 
Mexican 
Vantastss Wueats Malt-Phosphate- Blend 


(N = 50) Bromate (N= 55) (N 45) 


Wheat protein and loat volume +0.537°* 0.402** 0.131 
Wheat protein and expansion volume +0.078 0.187 +0.108 
Wheat protein and sedimentation valuc +0.482** +(). 298 0.233 
Expansion volume and loaf volume +0.601** +0.101 0.365* 
Sedimentation value and loaf volume | +0.780** +().226 +0.599* * 
Expansion volume and sedimentation value +0.675** +0.048 0.068 


Partial Correlation: 
Expansion volume with loaf volume, 
wheat protein constant +0.665** 


Sedimentation value and loaf volume, 
wheat protein constant +0.705%* 
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and loaf volume are in good agreement with those of Miller, Edgar, and 
Whiteside (3), falling approximately midway in magnitude between 
their Lethbridge and Winnipeg series. For the Mexican series a very 
significant gain of information on loaf volume was obtained from ex- 
pansion volume or sedimentation value data in addition to that ob- 
tained from a knowledge of wheat protein content. The multiple 
correlation coefficient for the relationship of loaf volume to the com- 
bined effect of expansion volume and protein content was +0.792. The 
corresponding value for the relationship of loaf volume to the com- 
bined effect of sedimentation value and protein content was +0.801. 
The removal of the influence of wheat protein from the correlations 
of expansion volume and sedimentation value with loaf volume by 
partial correlation technic had little effect; the greatest change was 
with sedimentation value and loaf volume, where the correlation be- 
came 0.705, 

None of the three methods — wheat protein content, expansion vol- 
ume, or sedimentation value — was by itself of marked value for pre- 
liminary sorting out or screening the Mexican hybrids for baking 
quality. In glancing over the data it was possible to pick out a few 
samples with markedly low expansion and sedimentation values which 
had unsatisfactory loaf volume, but in the majority of these instances 
the protein content was also below a level at which acceptable loaves 
would be expected, with comparatively few samples eliminated by 
these two tests. 

The lack of significant positive correlation between loaf volume 
and other quality properties for the malt-phosphate-bromate method 
in the North Dakota wheat series was probably caused by the high 
level of strength in these hybrid wheats, and determinations of wheat 
protein content, flour expansion volume, or sedimentation value 
would not assist in differentiating them without using the baking 
test. For the blend bakings there was a highly significant positive rela- 
tion between sedimentation value and loaf volume. A baking test on 
each sample would apparently be required to evaluate this series ot 
hybrid wheats. 

From the expansion volume test, as pointed out by Miller et al. (4), 
some concept may be obtained of the flour absorption and mixing re- 
quirements and the handling properties of the dough. Also, the ap- 
pearance of the dough ball after the 45-minute preliminary fermenta- 
tion just before it is placed in the expansion apparatus yields some 
indication of the interior loaf characteristics which may be expected. 
This is particularly true for samples of doubtful baking quality. A 
coarse appearance of the surface tends to indicate poor grain and tex- 
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ture in the resultant loaf. The protein and sedimentation tests obvious- 
ly cannot furnish this information. However, the sedimentation test re- 
quires even less flour than the expansion procedure, is much simpler, 
and does not require the equipment needed for the expansion test. 
Sedimentation values appeared to be slightly more useful for identify- 
ing samples of poor potential loaf volume in the Mexican, than in the 
North Dakota series, probably because of their higher correlation with 
loaf volume than that between wheat protein content and loaf volume. 
The use of specific sedimentation value did not offer any advantage 
in this series since its relation to loaf volume was not greater than that 
for sedimentation value uncorrected for protein content. 
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Cereal Chemists Find 


Flour Treated with HY- KURE 


Gives Excellent Baking Results 


“Lab” Tests 
Confirm Earlier 
Findings of 
Milling Chemists 


Rigid laboratory tests by cereal chemists under- 
score the fact that flour matured and bleached by 
HY-KURE provides superior baking qualities. 

Many bakers are now using flour treated by 
HY-KURE to produce bread with a finer, more 
silky texture, uniform grain and a clear white 
crumb color. 

HY-KURE is the revolutionary, new way of 
supplying chlorine dioxide for the maturing 
and bleaching of flour. A major HY-KURE 
advantage is UNIFORMITY of flour treatment 

. bakers can secure more consistent baking 
results with flour processed by HY-KURE. 

Why not learn how HY-KURE treated flour 
can help you produce better baked goods. 


of Drug Inc. 


Division 
1125 MERRIAM KANSAS CITY, KANSAS 
SPECIALISTS IN FLOUR MATURING, BLEACHING AND ENRICHMENT 
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THE BRABENDER RAPID MILL 
Ask for Booklet “What a Test Mill Should Be Able To Do” 
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Minneapolis 4, Minnesota U. S. Factory: 
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ORIGINAL BRABENDER AMYLOGRAPH 
1956 MODEL NOW AVAILABLE 


Weighing Mechanism 
instead of spring element) 


= Easier Setting of 


Thermoregulator 
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Thermometer Scale 


Meosuring Rod 
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= Built In Timer 


Controlled Operation 


Research Model Called “VISCOGRAPH” Also Available 
PERFORMANCE IMPROVED — PRICES REDUCED 
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International Symposium on Cereal Grains 


During the 41st Annual Meeting of the American Association of Cereal Chemists 
Hotel Commodore — New York City 7 Vay 20-24, 1956 


* 


An international symposium on cereal grain will be held during the 41st An- 
nual Meeting of the American Association of Cereal Chemists in New York 
City in 1956. 


* 


It is felt that such a symposium would serve to bring together, possibly for the 
first time, many scientists engaged in the aspects of supplying a significant, if 
not the most significant, portion of the world’s food to exchange ideas, practices, 
and knowledge. 


* 

This is the first national convention of the A.A.C.C. to be held in New York 
since 1949. It will afford a good geographical opportunity particularly for sci- 
entists from Western European countries to attend. 


Of special interest to visitors will be the fact that the scientists from the experi- 
mental stations and research laboratories of the United States Department of 
ae Agriculture plan to present a series of papers. 


* 


In general, the Program Committee would like the symposium to cover the 
problems of planting, harvesting, and utilizing the cereal crops. 


* 


Any area of significance in this broad field will be a worthy subject for a paper. 


* 


Such areas might include the problems of wheat and other grain genetics, soil 
agronomy, insect control, fertilization, harvesting, storage, milling, baking, and 
chemical and physical research in connection with any of these problems, 


Papers presented might include any specialized areas within the broad outline 
above, or might consist of a review of a particular country’s problems in rela- 
tionship to any portion of the above. 


* 


The American Association of Cereal Chemists is a professional organization of 
people engaged in these areas in the United States, Canada, and elsewhere, and 
as such does not have funds to finance such a program. It is hoped that the 
institutions, the governments, and organizations sponsoring such research might 
find it possible to send people to this international symposium. 


* 


Members desiring to present papers to the convention should communicate with 
the Program Chairman, Gaston Dalby, Ward Baking Company, New York 54, 
New York. Local arrangements are under the chairmanship of Enrico Palomba. 
Anheuser-Busch, Old Bridge, New Jersey. 


| 
= 
* 
* 


SHORTENINGS 


YOU CAN DEPEND UPON 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust and doughnut flours, and makers of other 
food products where rancidity troubles are to be 
avoided. 


SWEETEX 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 
cakes, icings, and sweet yeast goods with su- 
perior eating and keeping qualities. 


NUTEX 


An all-hydrogenated vegetable oil shortening 
combining the exceptional stability of Primex 
B&C and the “High-Ratio” properties of Sweet- 
ex. A top quality shortening manufactured for 
use in prepared cake, yeast raised doughnuts and 
sweet yeast dough, and icing mixes. 


PRIMEX 


General Offices 


The all-hydrogenated shortening “that sets the 
quality standard.” A top grade shortening espe- 
cially recommended for doughnut frying, for 
pies, cookies and bread, and for other shortening 
purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


CINCINNATI, OHIO 
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SURE PROTECTION for stored grain and 


grain products in bags or bulk! 


As little as $2.50 per Thou- ° 
cid 


INSECTS — Kills grain and mill insects, including egglife. larvae and 
pupae. Penetrates grain kernels to destroy life inside. 

RATS and MICE are killed by your insect fumigation. They die in the 
open. No carcass nuisance and no waiting, as with baits. 

AUTOMATIC APPLICATION — New Automatic Larvajector deliver- 
LARVACIDE into grain stream when receiving or turning. 

AS REPELLENT IN WAREHOUSE — |< LARVACIDE Wick Bottle methi- 
od. Doesn't bother humans. Melvin Laboratories, Memphis, Tenn.. 


writes: 
“During December when rats drive indoors for food, by placing Insert soft string 
LARVACIDE Wick Bottles at strategic points in warehouse of letting part hang 
4,000 sq. tt.. the building was kept practically free of rodent outside as wick. 
entry .. . at a cost of approximately $12.” Will release just 
Write for Bulletin No. 1004. enough fumes to 
keep rodents away. 
Won't bother hu- 
mans. 


Request our “GUIDE to EFFECTIVE AND SAFER MILL FUMIGATION” 


117 Liberty Street, New York 6, N. Y. 
West Coast — 1515 Third Street, San Francisco 


YOU, TOO, CAN 
REDUCE your 
Weighing Time and 
INCREASE your 
Weighing Accuracy 
with a 


Sartorius Selecta 


Single Pan Analytical SPEED Balance. 


Let us show you without any obligation 
how a Selecta balance will help you and 
how it will pay for itself in a short time. 


You have a choice of FOUR Models, tar- 
ing facilities, stainless steel weights and 
pans, and many other unique features, 
not to be found in any other balance 
today!! 


For more information write to 


Cc. A. BRINKMANN & CO. 


378-380 Gr. Neck Rd. Great Neck, L.I., N.Y. 
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$-40540 HEATER—Electric, Seven 
Step, Stainless Steel, 750 Watt, 
Sargent. An economical well con- 
structed heater for laboratory use in 
distillations, evaporations, digestions 
and extractions; applicable for use 
in many standard A.S.T.M. methods 
such as D-86 and in the official 
Kjeldahl method of the A.O.A.C. 

The heater is equipped with three 
Chromel-A heating elements of 150, 
250 and 350 watts, spirally positioned 
in increasing order of size from center 
of lower element refractory, assuring 
uniform heating at all ranges. 

The selective or combined use of 
these heating elements provide seven 
operating ranges, namely, 150, 250, 
350, 400, 500, 600 and 750 watts. The 
heating elements are energized by 


SARGENT 


ECTRIC 
HEATER 


@ Seven Step Control 

@ Low Cost 

© Stainless Steel Construction 
@ Localized Heating 

© Up to 750 Watt Output 


three toggle switches located on the 
control panel. A panel plate clearly 
indicates which toggle switch must be 
thrown to obtain the desired wattage. 
The entire heating unit is contained 
in a refractory plate isolated from 
the outer frame insuring that the 
stainless steel case is cool at all times. 
Removable upper refractory is re- 
versible. One side molded to accom- 
modate 500 ml and 800 ml Kjeldahl 
flasks and 4 in. concentric metal rings. 
The other side beveled to accommo- 
date large, round-bottom flasks. 
Complete with S-40546 lower re- 
fractory, S-40547 upper refractory, 
one pair of dovetail clamp sockets, 
one $-40745 dovetail clamp and cord 
and plug for attachment to standard 
outlets. For operation from 115 volt, 
A.C. or D.C. circuits........ $23.00 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
ICI RULAAAM MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
PPE Tg SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 19, TEXAS 


SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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90-day self-rising flour test proves 


gives longer shelf life 


2-DAY-OLD 


Here flour leavened with PY-RAN and flour using another 


calcium phosphate give about equal results when 2 days old. 
But—when the flours are aged in a heatilator to equal 90 
days of package life, only the PY-RAN flour performs like 
new. The other definitely loses its strength. 


PY-RAN (monocalcium phosphate) eee 

has a moisture-absorbent coating to Agents.” Write 

ward off reaction before use. Result: 

longer shelf life—fewer returned goods. 

PY-RAN releases less CO, during the 710 North 12th St., 

mixing of dough or batter—saves St. Louis 1, Mo. 

leavening action for the oven. PY-RAN 

blends perfectly with other leavens ° 

gives excellent texture, volume, and f 

crust and crumb color, little tunneling. 

includes SAPP-40 for machine dough- 

nut mixes; SAPP-28, a slow-action MONSANTO 

baking acid; and HT* Phosphate 

*Reg. U. S. Pat. Of. | 


SERVING INDUSTRY... 
WHICH SERVES MANKIND 
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TRADE BUILDING + KANSAS CITY 6. 
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STRENGTHEN YOUR POSITION 
i 


when you use... 


THE DYOX PROCESS ® for flour maturing ... 

The fixed uniformity of DYOX treated flour is a definite 
advantage to the miller who strives to meet the baker's 
demand for a starting product of constant value—which 

works in the bake shops with the least trouble and 
manipulation by the operator. DYOX treated flour 
assures overall dependability, uniformity of product, 
and ease of operation. 


“NOVADELOX””* for whiter, brighter flour... 
“Novadelox” is designed to meet the desire of the con- 
suming public for a bread that is truly white—and to 

enable millers to produce a uniform product of standard 
color. 


“N-RICHMENT-A’””® for uniform enriching . . . 

“N-Richment-A” provides a readily available, simple 
and troublefree product for enriching flour—with the 
assurance that the standard procedure of adding 
“N-RICHMENT-A” will produce a dependable 
standardized flour. 


THE N-A FLOUR SERVICE DIVISION with more than a 
quarter-century of experience... 

The N-A Flour Service Division with its skilled labora- 
tories and staff is always available to work with you or 
your consultants on all phases of maturing, bleaching 

and enriching. Why not phone your nearest N-A Repre- 
sentative today! 


NA-62 
NOVADEL FLOUR SERVICE DIVISION 


wah WALLACE & TIERNAN INCORPORATED 


flow 
te BELLEVILLE 9, NEW JERSEY 


tor amitorm eanchmen' 
REPRESENTATIVES IN PRINCIPAL cities 
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